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Abstract 
Herba Dendrobii has long been used in Chinese medicine for promoting the production of body 
fluid, improving eyesight, nourishing yin and benefiting stomach. It was first recorded in 
"Shen-Nong-Ben-Cao-Jing" over 2000 years ago and it is still used as a common Chinese medicine 
nowadays. 
The annual market consumption of Herba Dendrobii is about one million kg, while the natural 
resource ofthese medicinal plants is only about ten million kg. Evidently, this condition will lead to a 
supply deficiency. Furthermore, all the source plants ofHerba Dendrobii are orchids and their trading 
is controlled and limited by the Convention on International Trade in Endanger Species ofWild Fauna 
and Flora (CITES). Last but not least, the price of Herba Dendrobii ranges from HK$80 to 
HK$40,000 per kg depending on the source species and the subsequent processings. Therefore, an 
accurate and objective authentication is a prerequisite to protect the consumer, conserve endangered 
species of Dendrobium and maintain a sustainable use of Herba Dendrobii. 
The current methods of authenticating Herba Dendrobii and the source species are 
morphological markers, phytochemical and anatomical analysis. However, these studies did not 
include the most important medicinal species of Dendrobium in China. Moreover, the organoleptic 
characters that the methods depend, vary in different growing conditions, wild or under cultivation. 
Most ofthe medicinal species ofDendrobium flower from May to July and not all individuals flowers 
during that period even though flowers could be used for authentication. 
Therefore, direct sequencing of polymerase chain reaction (PCR) product was used to 
authenticate seventeen orchid species or its substitutes and adulterants which could be made into 
Herba Dendrobii. These orchid samples include sixteen species of Dendrobium and one species of 
X 
Pholidota. Attempt was also made to authenticate the source plants of eighteen commodities oftreated 
Herba Dendrobii by comparing their sequences with the seventeen orchid species. Phylogenetic 
analysis based on the determined sequences was carried out to elucidate the taxonomic relationship of 
these medicinal species of Dendrobium. 
The results showed that the average interspecific variation ofITS 2 region and parts of 5.8S and 
26S ofthe source plants is 12.4% and that of the intraspecific variation is 0.15%. Such big difference 
can be adopted as a molecular marker to differentiate the seventeen source plants ofHerba Dendrobii. 
On the other hand, the genomic DNA ofthe treated Herba Dendrobii was degraded in the processing 
of commodities, therefore their ITS 2 sequences could not be determined. Finally, discrepancy was 
found on the phylogenetic relationship of the source plants based on the sequences of the studied 
regions compared to traditional taxonomy. Sequencing of other DNA regions would give an 
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1.1 Background on orchids 
There are approximately 700 genera 24,000 species and 40,000 hybrid taxa in 
the family Orchidaceae. Orchids are found all over the world except the two poles. 
Most of them are terrestrial and epiphytic. A few of them are saprophytic whereas 
climbing orchids are very rare. Terrestrial or saprophytic orchids usually have 
rhizomes or tubers while epiphytic orchids have pseudobulbs and aerial roots. 
Orchids are mostly herbs with alternate leaves, some with closed sheaths. 
Inflorescence types are solitary flower, spike, raceme and panicle. An orchid flower 
has three sepals and three petals, with one modified into a lip (Figure 1.2d), usually 
with special shape and colour which characterize a species of orchids. At the base of 
the lip, in some species it is extended to a structure called spur (Figure l.lb) which 
contains nectar for attracting insects and birds. The pollen grains aggregate together 
to form pollinia in the anther at the apex of the column. These pollinia (Figure 1.2g) 
of some orchid species have slender caudicles or stipe attached to a viscidium 
(Figure 1.3k). The pollinia and viscidium are sticky enough to attach to the body of 
insects or small-sized birds e.g. hummingbird which help in cross-pollination. Ovary 
is inferior with parietal or axile placentation bearing many thousands of 
under-developed ovules. Thousands of seeds are released when the capsules mature 
and rupture. Last but not least, orchids are mainly characterized by a structure called 
column (Figure 1.2 e & f) which is a fusion of stamen, style and stigma. 
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In China, there are 171 genera including more than 1,247 species and 
varieties of orchids. They are mainly distributed in Taiwan, Yunnan, Sichuan, 
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Figure 1.1: Dendrobium lindleyi Steudel.. a. The habit sketch of 3 branches at the leafy and flowering stages, 
showing the positions of branching, the lower slender portion, the upper 3 joints enlarged, tetragonous, 
subpseudo-bulb and a terminal obovate-oblong leaf; with the middle stem bearing a lateral flowering raceme at 
the base of the last joint, b. The ventral view of a flower showing 3 sepals with the lateral two connate forming 
the spur, two lateral petals and the lip. c. The lateral view of a flower with a petal and a lateral sepal removed, 
showing the dorsal sepal, a petal, the lip and the column, d. The lateral view of a flower with complete perianth 
except halfofthe lip removed, showing different thickness and the inside hairs of the lip, its connection with the 
mentum and the nectar, e. Front view of the column showing 2 apical lateral teeth, the anther, clinandrium, 
rostellum and stigma, f-g. Back and side view of the column, h. apical view of the column with the anther 
pushed back. Artist: Li Kwan Ting Miranda. Use with permission from ProfS.Y. Hu. 
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Figure 1.2 Dendrobium acinaciforme: a. The habit sketch of a caespitose plant showing numerous roots, 2 
flowering stems with distichous，bilaterally compressed ensiform leaves and leafless terminal flowering portions 
and a young stem just emerging from the basal node of the leafy stem. b. The front view of a flower showing 
the sepals, petals, fan-shaped lip and column, c. The back view of the same showing the unequal sizes of the 
sepals with the dorsal one ovate, symmetrical and the lateral two oblique-triangular, adnate to the column-foot 
forming the mentum. d. The front view of a flower with the lip mechanically pressed down showing the ovate 
dorsal sepal, the triangular lateral sepals adnate to the short column with very long foot and the attachment ofthe 
lip to the apex of the mentum. e. Portion of the column with perianth removed except basis of dorsal sepal and a 
petal, showing a column tooth, the anther cap loosely covers 4 pollinia, the rostellum and stigma, f. Apical 
portion of column with the anther pushed up showing the clinandrum and two thecae after pollinia removed, g. 




Figure 1.3 Rhynchostylis retusa: a. Habit sketch of a flowering plant showing the monopodial habit, 
distichous articulate leaves, duplicate, flattened and unequally lobed apex. b. The front view ofa flower, showing 
the white sepals and petals all maculate with light purple patches, the lip and column; the dorsal sepal oblong and 
the lateral subtriangular sepals, c. The back view of a flower, showing the pedicel subtended by a lanceolate 
bract, the ridged ovary, the sepals and petals and the spurred lip. d. A flattened lateral sepal, e. Front view of 
the flower with a petal and a lateral sepal removed, showing the lip, column, anther and stigma, f. A flower with 
the perianth removed showing the column and half of the lip, the points of attachment of a petal, a lateral sepal, 
half ofthe hairy lip with nectary at the bottom and the side view of the column, anther, rostellum and stigma, g. 
Lateral view ofthe column showing the anther, rostellum and stigma, h. Lateral view of column with the anther 
removed, i. Lateral view ofthe anther cap. j. The ventral view of an anther with the pollinia removed, showing 
the beak-like apical half and the enlarged basal portion with a triangular point of attachment and two lateral 
hyaline flaps below the anther chamber. k. Dorsal view of 2 subglobose pollinia, slender stipe and the 
viscidium. Artist: Li Kwan Ting Miranda. Use with permission from ProfS.Y. Hu. 
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1.2 Background on Dendrobium 
Dendrobium is an old world genus in Orchidaceae. Southern China is its 
centre of species diversity. Since time immemorial the Chinese people had been 
using different species of Dendrobium for medicine. Nowadays, it is still widely used 
in Chinese medicine and horticulture. Species of Dendrobium are usually epiphytic 
on loose tree bark or crevices of rock in habitats of relatively high altitude and high 
humidity in sub-tropical regions. 
Species of Dendrobium are epiphytic perennial orchids. Roots are numerous 
at the base of the erect stem, elongated and clinging to the substratum. Stems are 
leafy, erect or pendulous, sometimes in the form of pseudobulb, emerging from the 
base of a shoot giving a caespitose appearance, or rarely from an upper node. Leaves 
are alternate, oblong, elliptic or bilaterally compressed. Flowers are showy, 
resupinate and variable in size. Types of inflorescence includes solitary, raceme, and 
panicle. The dorsal sepal is erect, and the lateral sepals are adnate to the column-foot 
forming a mentum (Figure 1.2c & l.ld). The anther is situated at the apex of the 
column. Each anther produces four pollinia in two pairs (Figure l.l i & 1.2g). A 
pollinium is waxy, ovoid or oblong, without caudicle and viscidium. The fruits are 
oblong or obovoid capsules. 
According to the "Orchidaceae in the Florae Republicae Popularis Sinicae，， 
(Tsi, 1999)，the genera of Chinese orchids are arranged in three subfamilies: 
Apostasioideae, Cypripedioideae and Orchidoideae. The subfamily Orchidoideae is 
divided into four tribes: Neottieae, Orchideae, Epidendreae and Vandeae. In the tribe 
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Vandeae, there are 41 subtribes and Dendrobium is placed in the subtribe 
Dendrobiinae. 
The 74 species of Dendrobium in Mainland China are divided into 12 
sections. The key for distinguishing these sections is shown below (translated from 
Tsi, 1999): 
la Leaves and sheaths covered with black hairs Sect. Formosae 
lb Leaves and sheaths glabrous. 
2a Leafbase not sheathy Sect. Chrysotoxae 
2b Leafbase forming sheaths 
3a Stems fleshy, cylindrical or swollen in the middle 
4a Spurs narrow and long; lip with a long narrow claw Sect. Pedilonum 
4b Spurs short and broad; lip without claw or with small claw 
5a Lips cymbiform, smaller than sepals and petals Sect. Breviflores 
5b Lips not cymbiform 
6a Plants small, stems covered by short, 
compressed drum-like sheaths Sect. Stachyobium 
6b Plants rather large; sheaths unlike a compressed drum 
7a Leaves close together; bases ofleaves cordate, 
amplexicaul Sect. Distichophyllum 
7b Leaves separated apart; bases ofleaves not cordate 
8a Rachis of inflorescence and peduncle weak; 
flowers small; sepals less than 1cm long; 
lips prominently 3-lobed at the distal portion; 
apical margin densely villose Sect. Stuposa 
8b Rachis and peduncle stout; flowers large; 
sepals longer than 1 cm; lips entire or 
inconspicuously 3-lobed, irregular or fimbriate—Sect. Dendrobium 
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3b Stems hard, cylindrical or compressed cylindrical, smooth, shiny on drying 
9a The basal few intemodes of stem enlarged, 
becoming fusiform— Sect. Crumenatae 
9b The entire stem cylindrical or compressed cylindrical 
10a Leaves with distinctive upper and lower surfaces; 
graminiform, leathery or thinly coriaceous Sect. Grastidium 
10b Leaves without distinctive upper and lower surfaces, fleshly 
1 la Leaves bilaterally compressed, ensiform, 
basal portion broader Sect. Aporum 
1 lb Leaves cylindrical or subcylindrical Sect. Strongyle 
1.3 Background and history on Herba Dendrobii 
Among the 171 genera of orchids in China, 73 genera including 247 species 
are used as Chinese medicines (Appendix 1). Thirty to 45 species of Dendrobium 
have been used in folk medicine pCie and Yu, 1996; Ma et a!” 1995a). These 
medicinal species of Dendrobium are used either as Herba Dendrobii or as 
substitutes of Herba Dendrobii depending on the traditional practice in different 
localities. 
Herba Dendrobii was recorded in "Shen-Nong-Ben-Cao-Jing", a Chinese 
herbal which was compiled in about 200 B.C.-200 A.D. The Chinese name of 
Dendrobium is “Shi Hu，，. The word "Shi" means rock and the pronunciation of"Hu" 
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resembles that of the word "living"; therefore the name of Dendrobium means a plant 
living on rock (Hu, 1971). The early users of Dendrobium reasoned that plants able 
to grow on rocky surface must be exceedingly tough and resilient and that medicine 
obtained from such plants would strengthen the body. It has long been used to benefit 
the stomach, promote the production of body fluid, nourish yin and eliminate 
heat-evil. 
The main areas of production in China are Guangdong, Guangxi, Yunnan, 
Guizhou and Sichuan. Herba Dendrobii can be used either fresh or dry. Any 
medicinal species of Dendrobium used in the fresh state can be defined as the 
commodities of fresh materials. Those species undergoing different post-harvest 
treatments are defined as the commodities of dry materials. 
Five main types of the dry commodities are usually available in the markets 
ofChinese medicine (Figure 1.4). The first one is Ma Bian Shi Hu (馬鞭石斛）which 
is a yellow cylindrical stem with a diameter of 5 mm to 8 mm (Figure 1.4a). It is also 
characterized by very deep longitudinal grooves along the intemodes. Its current 
price is about HK$130 per kilogram. The second kind is Huang Cao Shi Hu (黃草石 
斛）which has flattened stem of 3-5 mm in diameter with shallow grooves and 
greenish yellow sheathes (Figure 1.4b). Its current price is about HK$200 per 
kilogram. The third type is Shi Hu Cao (石斛草）which is characterized by swollen 
pseudobulb ofadiameter ofabout 2 cm (Figure 1.4c). The stem is golden yellow and 
with some branches. The current price is about HK$80 per kilogram. The fourth 
commodity is Huan Cao Shi Hu (環草石斛）which has the thinnest stem of them all, 
only 1 to 3 mm in diameter (Figure 1.4d). 
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Figure 1.4 Commodities of Herba Dendrobii 
a = Ma Bian Shi Hu (馬鞭石斛） 
b = Huang Cao Shi Hu (黃草石斛) 
c = ShiHuCao(石斛草） 
d = Huan Cao Shi Hu (環草石斛） 
e = Er Huan Shi Hu (耳環石斛） 
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The pale yellow stems coil around one another. Its current price is about HK$330 per 
kilogram. The fifth commodity is Er Huan Shi Hu (耳環石斛）(Figure 1.4e) which is 
made by coiling the stem of a species of Dendrobium and the material undergoes a 
series oftreatment, including dipping in boiling water, sun-drying, stir-bake in sand, 
toasting and drying (Wang and Zhao, 1990). The finished product is in a form of 
spiral with deep greenish-yellow appearance. There are many types of Er Huan Shi 
Hu available in the market and their selling prices range from HK$8,000 to 
HK$40,000 per kilogram. 
1.4 Reasons for study of Herba Dendrobii 
1.4.1 Demand 
In recent decades, the usage of the medicine is more frequent. The current 
annual turnover of Herba Dendrobii is about 1 million kg. As compared with the 
annual turnover of 0.34 million kg in 1975, the demand for this herb had increased 
more than 200% in twenty years (Zhang, 1995a). One of the important limitations in 
using Herba Dendrobii is the availability of the source plant in the wild because 
cultivation of medicinal Dendrobium has not yet been well developed in China. The 
natural population of Dendrobium in China is about 11 million kg. However the 
annual turnover of Herba Dendrobii is approximate 1 million kg (Zhang, 1995a). It 
seems that the species of Dendrobium will soon become extinct if there is no strict 
control and remedial measures on the collection ofHerba Dendrobii. 
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1.4.2 Adulteration 
In China, there are 74 species and 2 varieties of Dendrobium species which 
、are mainly found in the southern part of Yunnan. Forty-five species of them are used 
to make Herba Dendrobii (Ma et al, 1995a). According to the Pharmacopoeia ofthe 
People's Republic of China (2000 edition), the source plant of Herba Dendrobii are 
Dendrobium candidium Wallich ex Lindley (=Dendrobium officinale Kimura et 
Migo)，Dendrobium chrysanthum Wallich, Dendrobium fimbriatum Hooker var. 
oculatum Hooker, Dendrobium loddigesii Rolfe and Dendrobium nobile Lindley. 
Owing to reasons such as source plant limitation and traditional practice, 
many species of Dendrobium not listed in the Chinese Pharmacopoeia or even 
orchids of other genera are also used as Herba Dendrobii (Li et al., 1986 & 1991b; 
Ma et al., 1995a). A few other orchid genera were noted to have been used to make 
Herba Dendrobii, e.g. Pholidota, Ephemerantha {=Flickingeria), and Bulbophyllum. 
Any species other than the five Dendrobium species in Pharmacopoeia of the 
People's Republic of China (2000 edition) may be interpreted as adulterants or 
substitutes which may lead to variation in the medicine's safety and therapeutic 
efficacy. 
1.4.3 CITES 
All species of Dendrobium are listed in Appendix II of the Convention on 
International Trade in Endanger Species of Wild Fauna and Flora (CITES) except 
Dendrobium cruentum which is listed in Appendix I (Hemley, 1994). CITES was 
drawn to protect wildlife against over-exploitation and to prevent international trade 
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from threatening the species to extinction. It was signed in 1973 and entered into 
force on 1 July 1975. Currently it has a membership of 150 countries including 
China. 
Appendix II in CITES covers the species of wildlife that are not already 
highly endangered but may become so if trade is not controlled. The Convention 
permits commercial trade of species listed in Appendix II，provided that the country 
oforigin or country of reexport has issued an export permit or reexport certificate. 
China is one of the contracting parties and has the obligation to protect the 
wild species. In Hong Kong the import, export or possession of Dendrobium is 
strictly regulated by the Animals and Plants (Protection of Endangered Species) 
Ordinance, Chapter 187. 
There is a need to properly authenticate different species of Dendrobium used 
in Chinese medicine in order to provide measures for quality control, therapeutic 
application and law enforcement for conservation ofthese orchids. 
1.5 Scientific researches on Herba Dendrobii 
Owing to the importance of Herba Dendrobii, various researches on 
Dendrobium have been done and some of them are related to authentication ofHerba 
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Dendrobii and phylogeny of Dendrobium. Four areas are covered: morphological 
authentication, anatomical and microscopic studies, phytochemistry, and phylogeny. 
1.5.1 Morphological studies 
Morphological method is a traditional approach in the authentication of 
Chinese medicine. The morphological characteristics of the stems and leaf sheaths 
were studied (Kimura, 1937). The source plants of Herba Dendrobii in the main 
production provinces such as Guangxi, Guizhou, Sichuan, Zhejiang, Anhui and 
Yunnan could be determined by characteristics of their morphological structures 
such as stem diameter, longitudinal grooves and nodes (Sha and Luo, 1980; Zheng, 
1990; Li et al, 1986 & 1991b; Ma et al., 1995a). The main characters for 
authentication of the five main commodities are mentioned in section 1.3 ¢).10). 
However, these vegetative characteristics are sometimes variable even within a 
species. Floral parts are also used as characters for authentication of the herb (Li and 
Xiao, 1995) but most medicinal species of Dendrobium flower from April to July, 
and not all individual plants flower during that period. Some studies suggested that 
the best harvest time ofDendrobium officinale and Dendrobium moniliforme is at the 
end ofthe second year ofcultivation in order to maintain their top quality (Cai et al., 
1996). In this way the stems for some species have been collected before reaching 
maturity for flowering. Therefore morphological method would only be applied to a 
small number of species with very prominent and stable vegetative characteristics. 
The number of source plants of Herba Dendrobii is up to 45 (Ma et al., 
1995a). One commodity can be derived from more than one source plant species and 
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one species can be used in several commodities under different treatments (Sha and 
Luo, 1980; Ma et al., 1995a). This practice has greatly increased the difficulty to 
trace the source plants of the herb. 
1.5.2 Anatomical and microscopic studies 
Anatomical method is another approach in differentiating various Herba 
Dendrobii. (Kimura, 1937; Xu et al., 1980; Namba and Lin, 1981a & 1981b). Figure 
1.5, 1.6 and 1.7 show the transverse sections of Dendrobium stem, rhizome and root 
studied QSfamba and Lin, 1981a). The thickness of exodermal cell walls, diameter of 
exodermis, number of transfusion cells, number of vascular bundles, etc were used as 
markers for identifying the source plants ofHerba Dendrobii. 
Moreover, the epidermal cells and calcium oxalate crystals in leaf sheaths 
were also compared to trace the source plants of Herba Dendrobii (Li et al., 1989). 
But all species of Dendrobium in the Section Chrysotoxae do not have leaf sheath. 
Even worst is that leaf sheaths are usually removed during processing and curing. 
Therefore, these characters are valuable only in Herba Dendrobii with intact leaf 
sheaths. 
Vegetative characters do not offer definitive markers for species identification. 
The minute differences in the anatomical structures can only be distinguished by 
well-trained experts. Some of these characteristic often vary in different growing 
conditions and dehydrated state, therefore anatomical methods could be applied to 
the species with stable vegetative characteristics. 
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Figure 1.5 Diagrams of the transverse sections of stem 
A=D. falconeri.，B=D. linawianum; C=D. furcatopedicellatum; D=D. 
tosaense; E=D. leptocladwn; V=D. chameleon; G=D. somai; H=D. 
miyakei; l=D. equitans; J=R crumenatum; K=Ephemeranthapallens; h=Epigeneium nakaharaei\ M=Epigeneium sanseiense Osf mba tal, 1981a&1981b) 
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Figure 1.6 Diagrams of the transverse sections of rhizome 
A=D. moniliforme; B=D. linawianum; C=D. falconeri; D=D. tosaense; 
E=D. leptocladum; ¥=D. somai; G=D. miyakei; H=D. 
furcatopedicellatum; I=D. chameleon; J=Ephemerantha pallens; K=D. 
crumenatum; L=D. equitans 
OSfambaeM/.，1981a&1981b) 
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Figure 1.7 Diagrams of the transverse sections of root 
A=D. falconeri; B=D. furcatopedicellatum; C=D. leptocladum; D=D. 
chameleon; E=D. crumenatum; ¥=D. miyakei; G=D. linawianum; U=D. tosaense; l=D. somai; J=Ephemerantha pallens; K=D. equitansL Epig neium nakaharaei; M igen iu  sansei se. GS[amba ^a/., 1981a&1981b) 
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1.5.3 Phytochemistry 
1.5.3.1 Chemicals identified 
The chemical composition of the medicinal herb depend on which source 
plant it derives from. Among all the known chemical compounds of Dendrobium, 
dendrobine from D. nohile is suggested to be the compound of therapeutic efficacy 
and has been used as a marker in the quality assessment of Herba Dendrobii (Wang 
et aL, 1985a; Wang et aL, 1985b; Ma and Li, 1997). The structure of dendrobine is 
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Figure 1.8 A chemical structure of dendrobine 
(adopted from Wang et al., 1985a) 
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Chemical analysis of D. nobile showed the presence of dendrobine, 
dendramine, dendroxine, 6-oxy-dendroxine, nobiline, 4-hydroxy-dendroxine, 
dendrine, N-methyl-dendrobinium iodide, N-isopentenyldendrobium bromide, 
dendrobine N-oxide, N-Isopentenyldendroxinium chloride, 
N-isopentenyl-6-hydroxydendroxinium chloride, 3 -hydroxy-2-oxy-dendrobine, 
nebilomethylene，denbinobin and P-sitosterol and p-Sitosterol-P-D-glucosid (Wang 
and Zhao, 1990). Two phenanthrenes: 
4,7-dihydroxy-2-methoxy-9,10-dihydrophenanthrene and denbinobin were identified 
in the aerial parts of Dendrobium nobile (Lee et al., 1995). Gigantol was found in 
Dendrobium nobile (Miyazawa et al., 1997). Dendrobine is also present in D. 
findlayanum (Wang and Zhao, 1990) suggesting that it could possibly be a good 
substitute of D. nobile. D. chrysanthum contains hygrine, cis-dendrochrysine and 
trans-dendrochrysine (Wang and Zhao, 1990). Shihunidine, shihunine and 
dendrophenol were found in D. loddigesii (Li et al., 1991a). P-coumaric acid, 
stigmastane and stigmastane derivatives in D. fimbriatum were identified by HPLC 
(Li etal； 1992). 
Although the chemical analysis of some medicinal Dendrobium is quite 
extensive, it should be critical to apply any chemical method in authentication of the 
species because the relative composition and amount of each chemical in a species 
vary in different growing conditions. For example, it was found that dendrobine in 
cultivated Dendrobium is lower than that of wild Dendrobium (Wang et al., 1985b; 
Wang and Zhao, 1985c; Zhao and Wang, 1986). Nevertheless, chemical analysis of 
Dendrobium can facilitate authentication and on the other hand help to explore and 
estimate the pharmacological effects of the medicinal Dendrobium. 
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1.5.3.2 Chemical authentication of Herba Dendrobii 
、 
Thin-layer chromatography has been applied to identify Dendrobium nobile 
by using dendrobine as the major chemical marker (Anonymous, 1988) (Figure 1.9). 
Although the five main source species ofHerba Dendrobii were included in the study, 
the TLC result can only distinguish D. nobile from the others. The pattem of the 
chemical profile of the other Dendrobium are not clear enough for differentiating 
them from one another. Also the suggested TLC method do not cover all the 
medicinal Dendrobium, substitutes and adulterants. 
1.5.3.3 Effect of treatment on chemical composition 
Although the chemical composition of the Herba Dendrobii depends on the 
source plant species, the treatment of a commodity is very critical. Herba Dendrobii 
are often processed according to local customs. The main procedures of processing 
include stir-bake with sand, toasting, sun-drying, fermentation and dipping in boiling 
water. Therefore, the chemical constituents of the final product of the commodity 
could be greatly destroyed and changed (Wang and Zhao, 1990). Therefore, the 
chemcial composition of Herba Dendrobii not only depends on which species of 
Dendrobium being used, but also the procedures of commodity treatment. 
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Figure 1.9 Thin layer chromatography of eight Dendrobium species 
S=dendrobine; l=Z). aduncum\ 2=D. fimbriatum\ 3=D. nobile\ 4=D. 
lohohense\ 5=D. chrysanthum; 6=D. officinale.’ l=D. hercoglossum; 
S=D. loddigesii. (Anonymous, 1988) 
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15.4 Phylogenetic study of Dendrobium 
1.5.4.1 Phylogenetic analysis by molecular methods 
、 
Chloroplast DNA restriction site analysis was used for phylogenetic study in 
the subtribe Dendrobiinae (Yukawa et aL, 1993). Complete cleavage maps by 20 
enzymes were constructed for seventeen species in the subtribe and 6 species from 
presumed sister subtribes: Aeridinae, Podochilinae, Eriinae and Bulbophyllinae. All 
these subtribes are under the tribes: Dendrobieae，Malaxideae，Vandeae and 
Podochileae. 
Yukawa's results showed that the tribe Dendrobieae is polyphyletic because 
subtribe Bulbophyllinae stands out in the basal lineage. Subtribe Dendrobiinae is also 
polyphyletic because Pseuderia is nested within the members oftribe Podochileae. By 
excluding Pseuderia smithiana, the subtribe Dendrobiinae showed three major clades: 
Clade 1，Clade 2 andEpigeneium acuminatum (Figure 1.10). 
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Figure 1.10 Phylogenetic tree of 23 species in subtribe Dendrobiinae and its 
presumed sister group (Yukawa et al, 1993) 
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1.5.4.2 Phylogenetic analysis by anatomical methods 
Leaf anatomy of Dendrobium species in Sections Aporum and Rhizobium 
were studied to deduce their relationship (Carlsward et aL, 1997). 
In both sections leaves are characterized by a unifacial or nearly unifacial 
surface where the exposed surface is abaxial. However, leaves in section Rhizobium 
also feature a lacuna submerged in the mesophyll and surrounded by an adaxial 
epidermis. In contrast, leaves in section Aporum merely have an intemal suture that 
divides the leaf into bilateral halves. Therefore，synapomorphies occurs in the foliar 
anatomy of the two sections. 
A cladistic analysis performed with various anatomical characters such as 
fiber bundles, hypodermis and mesophyll canal demonstrated that the two sections are 
monophyletic (Figure 1.11) 
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Figure 1 11 Cladograms of Dendrobium sections Aporum and Rhizobium G=section 
Grastidium; R=section Rhizobium; A"°=section Aporum, subgroup 
Holophylla; A"'=section Aporum, subgroup Hemiphylla. (Carlsward et 
aL, 1997) 
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1.5.5 Pharmacological effect 
、 Two phenanthrenes: 4,7-dihydroxy-2-methoxy-9,10-dihydrophenanthrene 
and denbinobin were found to be antitumoral (Lee et aL, 1995). Dendrobium 
chrysotoxum has inhibitory effects on the mouse Hepatocarcinoma (HePA) and 
Ehrlich's ascites carcinoma (ESC) (Ma et aL, 1994a). A chemical identified as 
gigantol in Dendrobium nobile was found to show antimutagenic activity in umu test 
and Ames test (Miyazawa et al., 1997). These new findings are quite different from 
the traditional usage of Herba Dendrobii and possibly lead to a new area of the 




Objectives and strategies 
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Herba Dendrobii (Shihu) has long been used in traditional Chinese medicine. 
Since there is much market demand for this herb, up to 1 million kg per year (Zhang, 
1995a)，the price of certain commodities of this herb is up to HK$40,000 per kg. 
Survey of market samples (Zheng, 1990; Ma et al., 1995a), however, revealed that 
some species of Dendrobium or even other orchids not listed as source plants of 
Herba Dendrobii in the Pharmacopoeia of the People's Republic of China are also 
used as substitutes or adulterants. Moreover, all wild orchids are listed in Appendix 
II of the Convention on International Trade in Endangered Species of Wild Fauna 
and Flora (CITES). Therefore, there is a need to properly authenticate Herba 
Dendrobii in order to protect consumers and maintain a sustainable use ofthe herb. 
In Chapter 1, various aspects of research on Dendrobium have been reviewed. 
They include morphological authentication, phytochemistry, anatomical studies and 
phylogenetic analysis. Some of these researches can partially facilitate the 
authentication of Herba Dendrobii; however most of the common medicinal 
Dendrobium and adulterant species were not included in those studies. Moreover, the 
accuracy ofthe above mentioned research methods is limited by the variation in the 
vegetative parts, growing conditions and availability of the concerned species. 
Previous studies have shown molecular markers could help identify the source plants 
of medicinal herbs, e.g. ginseng GS[gan et aL, 1999). 
In this research project, direct sequencing of mainly the internal transcribed 
spacer 2 (ITS 2) region ofrDNA would be done for the samples ofHerba Dendrobii 
which are either fresh or dry. Also, more than one samples of each species would be 
collected from various locations in Hong Kong and Mainland China in order to 
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reveal the intraspecific variation. By comparing the interspecific and intraspecific 
variation, the concerned sequences could possibly offer more defined markers for 




Materials and Methods 
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3.1 Source of samples and their treatment 
3.1.1 Fresh materials 、 
The samples of this project are mainly divided into two types: fresh materials 
and dry materials. For the fresh materials, a total of 16 species of Dendrobium and 1 
species of Pholidota were collected from the Native Orchid Conservation Centre of 
Kadoorie Farm & Botanic Garden (KFBG), from Agriculture Fisheries and 
Conservation Department (AFCD) of Hong Kong SAR, and from various locations 
in mainland China. A summary of the source locations of the fresh materials is 
shown in Table 3.1. Each species was tested for two to six samples, except D. 
lohohense which was represented by only one collection. Identity of these species 
were confirmed by orchid experts including Prof S.Y. Hu and Prof Z.H. Tsi, who are, 
respectively, the authors of the Genera of Orchidaceae ofHong Kong (Hu, 1971) and 
of the volume on Orchidaceae in the Florae Republicae Popularis Sinicae (Tsi, 1999). 
Voucher specimens of all the orchids from KFBG and AFCD were kept in KFBG. 
Due to the restriction in collecting wild species of Dendrobium, no voucher specimen 
was available for those samples from mainland China, but their identity was 
confirmed by Prof. Z. H. Tsi before collection. 
3.1.2 Dry materials 
Dry materials can be classified to five commodities based on the traditional 
classification method (Zheng, 1990). The five commodities ofEr Huan Shi Hu, Ma 
Bian Shi Hu, Huang Cao Shi Hu, Huan Cao Shi Hu and Shi Hu Cao were collected 
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from the wholesalers in Hong Kong. Since more than one types of some 
commodities are available in the market, a total of 18 types of Herba Dendrobii were 
collected. The name and types of commodities are shown in Figure 3.1 and 3.2. 
、 
3.1.3 Outgroup species 
Six species including two monocotyledones and four dicotyledones are used 
as outgroups (Table 3.2). Only the ITS 2 sequence of Pholidota cantonensis would 
be determined in a same way to that of the Dendrobium in this project. The ITS 2 
sequences of Tulipa, Panax and Codonopsis have been available and they would be 
used with the permission ofProfPaul P.H. But and ProfP.C. Shaw. 
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Scientific names Sample Sample Sample Sample Sample Sample 
1 2 3 4 5 6 
LD. aduncum KFBG cul AFCD con AFCD con 
、 2 . D. chrysanthum KFBG cul KFBGcul 
3. D. chrysotoxum AFCD con AFCD con AFCD con 
4. D. crepidatum KFBG cul KFBG cul KFBG cul 
5. D. densiflorum KFBGcul KFBG cul KFBGcul 
6.D.fimbriatum KFBG cul KFBG cul KFBG cul 
7. D. hercoglossum GX GX 
%.D.jenkinsii KFBG cul KFBG cul KFBG cul 
9. D. lindleyi KFBG cul KFBG cul 
10. D. loddigesii KFBG cul AFCD con GXM 
n.D. lohohense GXW 
12. D. moniliforme~~KFBG cul KFBG cul KFBG cul 
13. D. moschatum KFBG cul KFBG cul KFBG cul 
14. D. nobile KFBG cul AFCD con AFCD con 
15. D. officinale TT ^ TT TT ^ TW 
16. D. williamsonii~~KFBG cul KFBG cul 
17. P. cantonensis KFBG wil KFBG wil KFBG wil 
Table 3.1 Sources of all 46 samples of Dendrobium species and Pholidota species 
KFBG cul= a cultivated plant in Native Orchid Conservation Centre ofKadoorie Farm & Botanic Garden 
KFBG wil= a wild plant collected in Kadoorie Farm & Botanic Garden 
AFCD con=a confiscated plant from Agriculture Fisheries and Conservation Department ofHong Kong SAR 
GX = a wild species bought from a trading centre in "Tian e xian" town of Guangxi 
(廣西天峨縣城收購站的野生種） 
GXM = a wild species collected at altitude 500m of"Ba na xi" mountain in Guangxi 
(廣西巴拿西山海拔500爪的野生種） 
GXW = a wild species of Guangxi bought from a orchid trading market in Guangzhou 
(廣州蘭花市場購入的廣西野生種） 
TT = a tissue cultured plant bought from Tian Hung wild plant company in Zhejiang 
(浙江省天台縣天皇野生植物公司的組培苗） 
TW = a wild plant collected in "Tian Tai" mountain of Zhejiang 
(浙江省天台山的野生種） 
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Name ofcommodities ~~Types of commodities 
1. Zhejiang Shi Hu (浙江石斛) E r H u a n S h i H u C ^ ^ H M ) 
2. Huo Shan Te Ji Shi Hu (霍山特級石斜) E r H u a n S h i H u ^ ^ ^ M ) 
3. Ma Bian Shi Hu (馬鞭石斛) MaBian S h i H u ( M l ! 5 M ) 
4. J i n C h a i H u ( # i l M ) Huang Cao Shi Hu (黃草石斛) 
5. Qing Pi Qing Er Hao Shi Hu (青皮青二號石斛)~~ErHuanSh iHuC^^^BM) 
6 .CuSh iHuf f l ;HM) E r H u a n S h i H u ( ^ ^ ^ ) 
7. Huan Chai Shi Hu 環草石斛 ) Huan Cao Shi Hu (環草石斛) 
8. Jin Chai Shi Hu (金釵石斛) Huang Cao Shi Hu (黃草石斛) 
Figure 3.1 Commodities of dry Herba Dendrobii 
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Name ofcommodities Types of commodities 
9. Huo Shan Wu Bao Xin Shi Hu (霍山無包心石斛) Er Huan Shi Hu (耳環石斛) 
10. Mao Tie Pi Shi Hu (毛鐵皮石斛) ErHuanShiHu(：^^；^^) 
11. Huo Shan Zheng Shi Hu (霍山正石斛 ) E r H u a n S h i H u C ^ ^ H M ) 
12. Huo Shan Zhong Shi Hu (霍山中石斛) E r H u a n S h i H u C ^ ^ ^ M ) 
13. ShiHuCaoffiff：^) S h i H u C a o ( H M ^ 
14 .AnHu i Sh iHu ( ^ ^ :&M) E r H u a n S h i H u ^ ^ ^ M ) 
1 5 . M i L a n S h i H u ( ^ f f i H M ) E r H u a n S h i H u ^ ^ ^ B M ) 
16. Long Tou Feng Wei Shi Hu (龍頭鳳尾石斛) ErHuanShiHu(：^^：^^) 
17. Da Tie Pi Shi Hu (大鐵皮石斛) E r H u a n S h i H u C ^ ^ H M ) 
18. Suspected adulterant (懷疑僞品) Er Huan Shi Hu ( i ^ ^ H M ) 
Figure 3.2 Commodities of dry Herba Dendrobii 
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、 
Scientific names Family names Class 
Pholidota cantonensis Rolfe Orchidaceae Monocotyledones 
(Liliopsida) 
Tulipa edulis (Miq.) Baker Liliaceae 
Panax quinquefolius L. Araliaceae 
Panax ginseng C. A. Mey Araliaceae Dicotyledones 
(Magnoliopsida) 
Codonopsis nervosa Campanulaceae 
(Chipp.) Nannf. 
Codonopsis modesta Narmf. Campanulaceae 
Table 3.2 Name of species used as outgroups 
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3.2 Experimental protocol 
a.2.1 Rationale of the experiment 
DNA extraction is the first step in DNA analysis. For the fresh materials, 
Cetyltrimethylammonium bromide (CTAB) (Draper and Scott, 1988) was used for 
DNA extraction while a modified DNA isolation protocol was used for the dry 
materials (Fu et al, 1998). Since the extract ofHerba Dendrobii was very very sticky, 
the ratio ofextraction buffer to sample weight was increased accordingly. 
After DNA extraction was finished, the concentration of the genomic DNA 
was estimated by comparing with the Lamda Hind III in agarose gel electrophoresis. 
An appropriate amount of genomic DNA was subjected to polymerase chain reaction 
using primers 5.8d and 28cc in order to amplify mainly the ITS 2 region. 
The PCR product was then purified by ethanol precipitation or 
GENECLEAN® protocols. The purified PCR product was then subjected to cycle 
sequencing and the subsequent product was purified by Spin Column Purification. 
Sample electrophoresis was run to define the sequence of a sample which is 
then analyzed and verified by the relevant software and websites. Depending on the 
species, four to ten times of sequencing of a sample would be done in order to define 
the final sequence of a sample. 
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3.2.2 DNA extraction 
3.2.2.1 Cetyltrimethylammonium bromide extraction method 
(CTAB) 
3.2.2.1a Reagents and buffers 
CTAB Extraction Buffer 
50mM Tris-HCl (pH 8.0) 
0.7MNaCl 
lOmM EDTA 
1% (w/v) CTAB 
20mM 2-mecaptoethanol 
CTAB Precipitation Buffer 
50mM Tris-HCl (pH 8.0) 
lOmM EDTA 
1% (w/v) CTAB 
10% (w/v) CTAB 




100mM Tris-HCl (pH 8.0) 
100mM EDTA (pH 8.0) 
、 250mMNaCl 
Chloroform-isoamvl alcohol (24:1) 
240 ml of chloroform 
I 
10 ml of isoamyl alcohol 
TE Buffer 
lOmM Tris-HCl (pU 8.0) 
lmMEDTA 
3.2.2.1b Procedures of CTAB extraction method 
The protocol is modified from Draper and Scott (1988). Stems of the orchid 
species were used as the raw materials for DNA extraction. First, the stems were 
peeled off and washed with distilled water thoroughly. Then each sample material 
was ground into powder in liquid nitrogen in a mortar and pestle. 0.1 g to 0.2 g ofthe 
powder was mixed with 900 ^L CTAB extraction buffer and put in shaker at 56°C 
for 30 minutes with frequent shaking. The sample solution was then mixed with 
equal volume ofphenol:chloroform (1:1). Two phases of solutions were separated by 
high-speed centrifugation (9456xg, 20 minutes). The supernatant was transferred into 
a new eppendorf tube and the phenol:chloroform purification was repeated. The 
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samples after extraction by chloromforai:isoamyl (24:1), was mixed with equal 
volume of CTAB precipitation buffer and stood at 25°C for 2 hours. Afterwards, a 
DNA pellet was obtained by high-speed centrifugation. The pellet was then dissolved 
in 1.2 ml of 67 % ethanol and 0.33 M NaCl and stored in -20°C overnight. After 
high-speed centrifugation, the pellet was washed by 70 % ethanol twice and 
dissolved in 20 ^ iL double deionized water or TE buffer. 
3.2.2.2 Modified DNA isolation protocol for dry plant samples 
(Fu et al” 1998) 
3.2.2.2a Reagents and buffers 
Extraction Buffer 
8Murea 
250mM Tris-HCl (pH 8.0) 
400mMNaCl 
50mM EDTA (pH 8.0) 
0.5% 2-mercaptoethanol 
7.5 M ammonium acetate 
57.81 g of solid ammonium acetate 
100 ml distilled water 
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3.2.2.2b Procedures of modified DNA isolation protocol for dry plant samples 
(Fu^/a/., 1998) 
、 Dried materials (0.3-0.5 g) were rinsed in 70 % ethanol for 1 min to remove 
bacterial and fungal contaminants, washed 3x with sterile water and then air-dried on 
filter paper. The materials were ground in liquid nitrogen into fine powders in a 
mortar and pestle. The powders were then transferred to a centrifuge bottle 
containing 5 mL of extraction buffer, sterilized by filtration with a 0.45- i^M filter. 
Solid SDS was added to a 1 % concentration (wtyVol)，and the mixture was shaken 
every 5 minutes at room temperature for 45 minutes. A stock solution of20 % PVP 
(mol wt 10,000, stored at -20^C) was added to a 6 % final concentration, followed by 
addition of % vol of7.5 M ammonium acetate. The solution was incubated on ice for 
30 minutes, centrifuged at 4000 rpm using a Model JA-20.1 rotor (Beckman 
Instruments, Fullerton, CA, USA) for the first 15 minutes and then at 12,000 rpm for 
the fmal 10 minutes. The supernatant was transferred to sterile centrifuge bottles, 
mixed completely with an equal volume ofisopropanol by inversion and incubated at 
room temperature for 10 minutes. The incubated solution was then centrifuged at 
12,000 rpm at 15®C for 20 minutes, and the pellet was washed with 85 % ethanol and 
dried in a heating block at 60¾ for 15-20 minutes. The dried pellet was then 
dissolved in 1.2 mL ofsterile double-distilled water. 
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3.2.3 Agarose gel electrophoresis of genomic DNA or PCR 
products 
、 
3.2.3a Reagents and buffers 
1 X TAE (Tris-acetate) 
40mM Tris-acetate 
lmMNa2EDTA 
1 X TBE (Tris-borate) 
90mM Tris-borate 
2mMNa2EDTA 
6 X Agarose gel loading Buffer 
40 % (w/v) sucrose 
0.25 % (w/v) bromophenol blue 
3.2.3b Procedures of agarose gel electrophoresis of genomic DNA or 
PCR products 
DNA or PCR product was separated by 1 to 2.5 % TBE or TAE agarose gel, 
which was prepared by dissolving 1 to 2.5 % agarose (w/v) in 1 x TBE or TAE 
containing 0.5 i^g ethidium bromide/mL. The DNA sample or PCR product was 
mixed with appropriate amount of 6x agarose loading buffer to give a fmal 
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concentration of lx. Then the sample was loaded into the slots of the gel which was 
placed into the electrophoresis tank with lx TBE or lx TAE buffer. It was run at 
5-10 V/cm. After the bromophenol blue had migrated to appropriate distance, the gel 
、was examined under ultraviolet light. It was photographed by Polaroid 665 films. 
3.2.4 Qualitative and quantitative analysis of DNA 
The size ofDNA was checked by running 5 ^ iL sample onto 1 % agarose gel 
for 1 hour at 10 V/cm in TBE buffer. Lambda Hindi III digested DNA (250ng/ i^L) 
was used as the size marker. The quantity ofDNA was estimated by the intensity of 
the band by comparing to 250ng/^ iL lambda HM III marker or calculate according 
to the following equation. 
DNA concentration = A260 x dilution factor x 50 ^ ig/mL 
The DNA was checked using UV spectrophotometer. The amount of UV 
absorbed by a DNA solution at wavelength 260 nm is directly proportional to the 
amount of DNA in the sample. One A260 unit corresponds to 50 i^g of 
double-stranded DNA per mL. 
« 
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3.2.5 Amplification ofthe internal transcribed spacer 2 (ITS 2 ) 
region by Polymerase Chain Reaction 
、 
3.2.5a Internal transcribed spacer 2 (ITS 2) region 
The ribosomal DNA gene sequence typically consists of several hundred 
repeated copies of the transcription unit and non-transcribed spacer (Figure 3.3). 
Owing to concerted evolution, the various copies usually have homogeneous 
sequences and can be treated as a single unit. 
The internal transcribed spacer 2 is part of the nuclear rDNA transcript but 
are not incorporated into ribosomes. It appears to involve in the maturation of 
nuclear rRNAs, bringing the large and small subunits into close proximity within a 
processing domain. 
Since the sequences of5.8S gene and 26S gene are conservative, primers can 
be designed to hybridize to these regions so as to amplify the ITS 2 region for 
analysis. 
P r i m e r 5 . 8 d 
~ • 
18S ' T S 1 r ^ D : I T S 2 26S 
4 ~ 
Primer 2 8 cc 
Figure 3.3 A repeat unit of 18S and 26S nuclear ribosomal DNA 
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3.2.5b Procedures of polymerase chain reaction of ITS 2 region 
For each sample, 1 i^L of genomic DNA was mixed with 2.5 ^L lxTaq 
、 
Buffer (10 mM Tris-HCl, pH 8.3, 50 mM KC1, 0.001 % gelatin), 15 i^L double 
deionized water, 2 i^L 2.5 mM dNTP (deoxynucleoside 5'-triphosphate), 2 i^L 25 
mM MgCl2, lu Taq polymerase, 1 i^L 25 fiM primer 5.8d 
(AACCATCGAGTCTTTGAACGCA) and 1 ^L 25 i^M primer 28cc 
(TTCCCCTAGTAACGGCGAGT) (Hillis & Dixon, 1991). After all the reactants 
were mixed, lOO i^L of mineral oil was added on the top of the mixture in order to 
prevent any evaporation of the reactants or products during the reaction. PCR was 
carried out in a MJ-PTC100 thermocycler (Watertown, MA). The tubes containing 
reactants were put into the thermocycler when the initial temperature was over 80¾. 
The mixture was subjected to 40 cycles at 94°C for 1 minute, 56°C for 1 minute and 
72°C for 1.5 minutes. During PCR, the coverlid of the thermocycler was kept at 
108^C. After 40 cycles had completed, the products were kept at 4®C. The PCR 
product was purified by ethanol precipitation or GENECLEAN® protocol before 
cycle sequencing reaction. 
3.2.6 Purification of PCR products or cycle sequencing products 
3.2.6.1 Ethanol precipitation 
PCR product (20 i^L) was pipetted out carefully with as little surface oil as 
possible and mixed with 50 \iL absolute ethanol, 2 ^L sodium acetate and 1 ^ iL 
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glycogen. The mixture was then stored at -20^C for 30 minutes. A pellet was then 
obtained by high-speed centrifugation (9456xg, 20 minutes). The pellet was washed 
in 70 % ethanol twice. High-speed centrifugation was carried out to consolidate the 
pellet after each ethanol washing. Finally the pellet was dissolved in 15 i^L double 
deionized water. 
？ 
3.2.6.2 GENECLEAN® protocols 
The following procedure is based on the method suggested by the supplier 
(Bio 101). The required DNA band separated by 1.4% TAE gel was cut by an 
autoclaved razor blade and put into an eppendorf tube. The weight of the gel slice 
was determined and 3x volume of 6 M sodium iodide solution was added to keep the 
final concentration ofsodium iodide above 4 molar. The gel was then melted at 55^C 
for about 5 minutes and 5-10 i^L Glassmilk® was added and shaked slightly. The 
mixture was kept on ice for 15 minutes. Afterward, it was centrifuged at 12,000 rpm 
for 30 seconds. The pellet obtained by centrifugation was washed by 700 \iL New 
Wash solution. The suspension was pelleted by centrifugation. The pellet was 
washed two more times and then air-dried. The 50 i^L double-deionized water was 
used to dissolve the PCR product. The final purified PCR solution was concentrated 
to 10 ^ iL by vacuum drying. 
3.2.6.3 Spin Column Purification 
The Centri-Sep spin columns were from Princeton Separations {P/N CS-901). 
The procedures were recommended by the protocol of ABI PRISM™ dRhodamine 
49 
Terminator Cycle Sequencing Ready Reaction Kit. The column was first gently 
tapped to settle the gel material onto the bottom of the column. The upper end cap 
was removed and 0.8 mL of double deionized water was added into the column. The 
"upper end cap was replaced and the column was inverted a few times to mix the 
water and gel material and waited for at least 30 minutes at room temperature. Any 
air bubbles were removed by inverting or tapping the column. The upper end cap was 
removed first and then the bottom cap. The column was inserted into the wash tube 
and spun at 1300 x g for 3 minutes to remove the interstitial fluid. The column was 
put into a sample collection tube (e.g. 1.5 mL microcentrifuge tube). The product 
was loaded in the center ofthe top of gel material without touching the sides ofthe 
column. The column was then spun at 1300 x g for 3 minutes. The purified product 
obtained in the sample collection tube could be concentrated by vacuum drying. 
3.2.7 Cycle Sequencing 
1 ^L (-50 ng) ofthe purified product was added into a mixture containing 4 
^L terminator reaction mix {A-Dye Terminator labeled with dichloro[R6G], C-Dye 
Terminator labeled with dichloro[TAMRA], G-Dye Terminator labeled with 
dichloro[R110], T-Dye Teraiinator labeled with dichloro[ROX], deoxynucleoside 
triphosphates (dATP, dCTP, dITP, dTTP), AmpliTaq DNA Polymerase, FS, with 
thermally stable pyrophosphatase, MgCl2 and Tris-HCl buffer, pH 9.0}, 0.64 i^L 
primer (5.8d or 28cc) and 4.86 ^ iL double deionized water. lOO i^L of mineral oil was 
added onto the mixture to prevent any evaporation of the reactants or products. The 
mixture was subjected to 25 cycles of 96"C for 10 seconds, 56"C for 5 seconds and 
60°C for 4 minutes. After the reaction had finished, the product was kept at 4¾ . The 
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product of cycle sequencing was purified by ethanol precipitation or Spin Column 
purification and then ready to put into an ABI PRISM 310 Genetic Analyzer for 
sample electrophoresis. 
、 
3.2.8 Sample Electrophoresis 
3.2.8a Equipment and reagents 
Instrument 
ABI PRISM™ 310 Genetic Analyzer 
Configuration 
POP-6 polymer, 1-mL syringe, 47-cm, 50-^m i.d. capillary (Pink) 
Dve Set / Primer File 




Seq POP6 (lmL)E 
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3.2.8b Procedures of sample electrophoresis 
The purified cycle sequencing pellet was resuspended in 12 i^L of Template 
、 
Suppression Reagent (TSR). It was then shaken and heated so as to dissolve all the 
pellet. The solution was heated at 95¾ for 2 minutes to denature, then chilled on ice 
for 10 minutes. The samples were stored at 4®C and ready for use. 
After putting the samples into the tray of the Genetic Analyzer, the program 
“AB I PRISMTM 310 Genetic Analyzer Data Collection" version 1.0.4 (Perkin 
Elmer) was run to obtain the sequences for analysis. 
3.2.9 Sequence analysis 
The DNA sequences were compared and aligned by the programs 
"Sequencing Analysis" version 3.0 (Perkin Elmer) and "DNASIS" version 7.00 
(Hitachi) and further verified by comparing with the sequences of other species in 
orchid family by BLAST search in the web site ofNational Center for Biotechnology 
Information (http://www.ncbi.nlm.nih.govA)lastA)last.cgi). Based on mainly the ITS 
2 sequences, a phylogenetic tree was constructed by UPGMA tree construction 






4.1 Fresh materials 
4.1.1 Genomic DNA 
、 
Genomic DNA of 46 samples composed of 17 orchid species were extracted 
by CTAB method or the modified DNA extraction protocols. For the fresh sample 
materials from the Native Orchid Conservation Centre of Kadoorie Farm & Botanic 
Garden (KFBG) and Agriculture Fisheries and Conservation Department (AFCD) of 
Hong Kong SAR, CTAB method was used for DNA extraction. For the sample 
materials from Mainland China, the materials were oven-dried and stored for a long 
time, a sufficient amount of DNA for PCR could not be extracted by CTAB method. 
In order to overcome this problem, the modified DNA extraction protocols for dry 
materials were used to extract the genomic DNA from these dry sample materials. 
The genomic DNA of each sample was analyzed by gel electrophoresis using 
1.2 % TBE agarose gel. Lambda Hind III was used as a marker to estimate the quality 
ofDNA as shown in Figure 4.1. By comparing with the fragments ofthe marker, the 
length ofthe genomic DNA was estimated to range from 4,361 bp to 9416 bp. The 
genomic DNA in all samples were of high concentration except samples 29, 36 and 
43. Most ofthe bands in the gel were quite smeared possibly due to the presence of 
RNA and smeared DNA. Nevertheless, all ofthe extracted DNA were good enough 
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Figure 4.1 Genomic DNA of fresh materials 
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Figure 4.1 cont' 
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Figure 4.1 cont' 
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4.1.2 PCR products 
、 After the genomic DNA had subjected to Polymerase Chain Reaction, 
fragments of about 400 base pairs including ITS 2 region and parts of 5.8s gene and 
26s gene were amplified successfully. The PCR products were loaded onto 2% TBE 
gel for electrophoresis at 90 V. A 100 Base-Pair Ladder was used as a marker to 
estimate the length ofthe fragments. The bands shown in the Figures 4.2 represented 
the DNA fragments ofabout 400 base pairs. For samples no. 2, 3 and 24, two bands 
were amplified. Only the bands containing the fragment of 400 base pairs were cut by 
razor blade and further purified by GeneClean® before cycle sequencing. 
Polymerase Chain Reactions of each species were repeated at least three times 
and it demonstrated that the amplified ITS 2 region is repeatable. The subsequent 
cycle sequencing and sample electrophoresis were repeated 4 to 10 times depending 
on the species. All the sequences of a sample were aligned and compared; they are 
found to be very consistent. Therefore a final sequence of a sample could be defined. 
Finally, every defined sequence of a sample was submitted to checking in the website 
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Figure 4.2 PCR products of fresh materials 
Keys: 
M = 100 bp DNA Ladder 
1. Dendrobium aduncum 
2. Dendrobium aduncum 
3. Dendrobium aduncum 
4. Dendrobium chrysanthum 
5. Dendrobium chrysanthum 
6. Dendrobium chrysotoxum 
7. Dendrobium chrysotoxum 
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、 
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Figure 4.2 cont' 
K e y s : 
8. Dendrobium chrysotoxum 
9. Dendrobium crepidatum 
10. Dendrobium crepidatum 
11. Dendrobium crepidatum 
12. Dendrobium densiflorum 
13. Dendrobium densiflorum 
14. Dendrobium densiflorum 
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、 
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Figure 4.2 cont' 
K e y s : 
M = 100 bp DNA Ladder 
15. Dendrobium fimbriatum 
16. Dendrobium fimbriatum 
17. Dendrobium fimbriatum 
18. Dendrobium hercoglossum 
19. Dendrobium hercoglossum 
20. Dendrobium jenkinsii 
21. Dendrobium jenkinsii 
22. Dendrobium lindleyi 
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、 
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— 
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Figure 4.2 cont' 
Keys: 
23. Dendrobium lindleyi 
24. Dendrobium loddigesiL 
25. Dendrobium loddigesii 
26. Dendrobium loddigesii 
27. Dendrobium lohohense 
28. Dendrobium moniliforme 
29. Dendrobium moniliforme 
30. Dendrobium moniliforme 
31. Dendrobium moschatum 
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^ H — 
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Figure 4.2 cont' 
Keys: 
32. Dendrobium moschatum 
33. Dendrobium moschatum 
34. Dendrobium nobile 
35. Dendrobium nobile 
36. Dendrobium nobile 
37. Dendrobium officinale 
38. Dendrobium officinale 
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、 




Figure 4.2 cont' 
Keys: 
39. Dendrobium officinale 
40. Dendrobium officinale 
41. Dendrobium officinale 
42. Dendrobium officinale 
43. Dendrobium williamsonii 
44. Dendrobium williamsonii 
45. Pholidota cantonensis 
46. Pholidota cantonensis 
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4.1.3 Sequence alignment 
The sequences of the samples in each species (Figure 4.3.1-4.3.17) were 
、 aligned by the software CLUSTAL W (1.8) multiple sequence alignment in the 
website of EMBL Outstation of European Bioinformatics Institute. The length of the 
concerned regions including ITS 2 and parts of 5.8S and 26S flanked by the primers 
5.8d and 28cc range from 409 bp to 425 bp. This region of Dendrobium is similar to 
that of Pholidota. However the length of ITS 2 of Pholidota (255 bp) is a little bit 
longer than that of Dendrobium which range from 239 bp to 245 bp. It also showed 
that all the intraspecific difference of each species lie within the ITS 2 region except 
D. moschatum and D. nobile because D. moschatum has one base pair difference in 
the 26s region and D. nohile has one base pair difference in the 5.8S region. 
All 46 samples were also aligned and compared in Figure 4.4. The shaded 
regions highlight the positions ofbase pair difference. The result showed that the base 
pairs in the region of 5.8S and 26S are very stable among all 46 samples. For the base 
pairs in the region oflTS 2 , it is more variable among different species oforchids but 
rather stable across different samples ofaspecies. 
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1. Dendrobium chrysotoxum AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 50 
2. Dendrobium chrysotoxum AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 
3. Dendrobium chrysotoxum AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 
1. Dendrobium aduncum GCACGTCCGC CTGGGCGTCA AGCATTTTAT CGCTCCGTGC CTAATCTCCC 100 
2. Dendrobium aduncum GCACGTCCGC CTGGGCGTCA AGCATTTTAT CGCTCCGTGC CTAATCTCCC 
、3. Dendrobium aduncum GCACGTCCGC CTGGGCGTCA AGCATTTTAT CGCTCCGTGC CTAATCTCCC 
=> ITS 2 
1. Dendrobium aduncum ATCCATGTAT GTGTTGCAAA GGCTCGGATG TGCACGGTGG CTCCTCGTGC 150 
2. Dendrobium aduncum ATCCATGTAT GTGTTGCAAA GGCTCGGATG TGCACGGTGG CTCCTCGTGC 
3. Dendrobium aduncum ATCCATGTAT GTGTTGCAAA GGCTCGGATG TGCACGGTGG CTCCTCGTGC 
1. Dendrobium aduncum CCCTTGGTGC GGCGGGCTGA AGGCCGGGTC ATCTTCTCGT TGGTTGCCAA 200 
2. Dendrobium aduncum CCCTTGGTGC GGCGGGCTGA AGGCCGGGTC ATCTTCTCGT TGGCTGCCAA 
3. Dendrobium aduncum CCCTTGGTGC GGCGGGCTGA AGGCCGGGTC ATCTTCTCGT TGGTTGCCAA 
\ 
1. Dendrobium aduncum CAATAAGGGG TGGATTAAAC AAGGCCTATG CTGTTGTGAT ATGCGCGCCC 250 
2. Dendrobium aduncum CAATAAGGGG TGGATTAAAC AAGGCCTATG CTGTTGTGAT ATGCGCGCCC 
3. Dendrobium aduncum CAATAAGGGG TGGATTAAAC AAGGCCTATG CTGTTGTGAT ATGCGCGCCC 
1. Dendrobium aduncum GAGAGATGAT CATACTTTTT AGGTGATCCC AATTCATGCG CTGATCCATG 300 
2. Dendrobium aduncum GAGAGATGAT CATACTTTTT AGGTGATCCC AATTCATGCG CTGATCCATG 
3. Dendrobium aduncum GAGAGATGAT CATACTTTTT AGGTGATCCC AATTCATGCG CTGATCCATG 
1. Dendrobium aduncum GATGGCGTAT CGAATGCGAC CCCAGGATGG GCGAGGCCAC CCGCTGAGTT 350 
2. Dendrobium aduncum GATGGCGTAT CGAATGCGAC CCCAGGATGG GCGAGGCCAC CCGCTGAGTT 
3. Dendrobium aduncum GATGGCGTAT CGAATGCGAC CCCAGGATGG GCGAGGCCAC CCGCTGAGTT 
ITS 2 ¢= 
1. Dendrobium aduncum TAAGCATATC AATAAGCGGA GGAAAAGAAA CTTACGAGGA TTCCCCTAGT 400 
2. Dendrobium aduncum TAAGCATATC AATAAGCGGA GGAAAAGAAA CTTACGAGGA TTCCCCTAGT 
3. Dendrobium aduncum TAAGCATATC AATAAGCGGA GGAAAAGAAA CTTACGAGGA TTCCCCTAGT 
1. Dendrobium aduncum AACGGCGAGT 410 
2. Dendrobium aduncum AACGGCGAGT 
3. Dendrobium aduncum AACGGCGAGT 
Total number of base pairs = 410 
Number of base pairs in ITS 2 = 240 
Position of base pairs difference = 194 (underlined and marked with a black arrow) 
Percentage difference = 1 / 410 * 100 % = 0. 24 % 
Figure 4. 3. 12 Sequence alignment and calculation on sequence difference of the three samples 
of Dendrobium moniliforme 
67 
1. Dendrobium chrysanthum AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA CCTGCCAAGG 50 
2. Dendrobium chrysanthum AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA CCTGCCAAGG 
1 
1. Dendrobium chrysanthum GCACGTCTGC CTGGGCGTCA AGCATTTTGT TGCTCCGTGT CTCGTCACCC 100 
2. Dendrobium chrysanthum GCACGTCTGC CTGGGCGTCA AGCATTTTGT TGCTCCGTGT CTCGTCACCC 
、 => ITS 2 
、 
1. Dendrobium chrysanthum ATCAATGGAT GTGCTGGCGA AGGCTCGGAT GTGCACGGTG GCCCGTCGTG 150 
2. Dendrobium chrysanthum ATCAATGGAT GTGCTGGCGA AGGCTCGGAT GTGCACGGTG GCCCGTCGTG 
1. Dendrobium chrysanthum CCCCTCGGTG CGGCGGGCTT AAGAGCGGGT CGCCATCTCG TTGGTTGCGA 200 
2. Dendrobium chrysanthum CCCCTCGGTG CGGCGGGCTT AAGAGCGGGT CGCCATCTCG TTGGTTGCGA 
1. I>endrobium chrysanthum ACAATAAGGG GTGGATTAAA TGGAGGCCTA TGCTATTGTG TCGTGCATGC 250 
2. Dendrobium chrysanthum ACAATAAGGG GTGGATTAAA TGGAGGCCTA TGCTATTGTG TCGTGCATGC 
1. Dendrobium chrysanthum CTAAGAGATT AAATTTTTTA GGTGATCCCA AATCACGCGT CGATCCACGG 300 
2. Dendrobium chrysanthum CTAAGAGATT AAATTTTTTA GGTGATCCCA AATCACGCGT CGATCCACGG 
1. Dendrobium chrysanthum ATGATGCTTT GAATGCGACC CCAGGATGGG CGAGGCCACC CGCCGAGTTT 350 
2. Dendrobium chrysanthum ATGATGCTTT GAATGCGACC CCAGGATGGG CGAGGCCACC CGCCGAGTTT 
ITS 2 <= 
1. Dendrobium chrysanthum AAGCATATCA ATAAGCGGAG GAGAAGAAAC TTACAAGGAT TCCCCTAGTA 400 
2. Dendrobium chrysanthum AAGCATATCA ATAAGCGGAG GAGAAGAAAC TTACAAGGAT TCCCCTAGTA 
1. Dendrobium chrysanthum ACGGCGAGT 409 
2. Dendrobium chrysanthum ACGGCGAGT 
Total number of base pairs = 409 
Number of base pairs in ITS 2 region = 239 
No difference in any positions of base pairs 
Percentage difference = 0 / 409 * 100 % = 0 % 
Figure 4. 3. 2 Sequence alignment and calculation on sequence difference of the two samples of 
Dendrobium chrysanthum 
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1. Dendrobium chrysotoxum AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 50 
2. Dendrobium chrysotoxum AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 
3. Dendrobium chrysotoxum AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 
1. Dendrobium chrysotoxum GCACGTCTGC CTGGGCGTCA AGCGTTACGT CGCTCCGTGT CCAGCCACCC 100 
2. Dendrobium chrysotoxum GCACGTCTGC CTGGGCGTCA AGCGTTACGT CGCTCCGTGT CCAGCCACCC 
、3. Dendrobium chrysotoxum GCACGTCTGC CTGGGCGTCA AGCGTTACGT CGCTCCGTGT CCAGCCACCC 
=> ITS 2 
1. Dendrobium chrysotoxum GTCGATGGAT GGGCTGGCGA TGGCTCGGAT GTGCACAGTG GCTCCTCGTG 150 
2. Dendrobium chrysotoxum GTCGATGGAT GGGCTGGCGA TGGCTCGGAT GTGCACAGTG GCTCCTCGTG 
3. Dendrobium chrysotoxum GTCGATGGAT GGGCTGGCGA TGGCTCGGAT GTGCACAGTG GCTCCTCGTG 
1. Dendrobium chrysotoxum CCCCTCGGCA CGGCGGGCTT AAGAGCGGGT AATCATCTCG TTGGCTGCGA 200 
2. Dendrobium chrysotoxum CCCCTCGGCA CGGCGGGCTT AAGAGCGGGT AATCATCTCG TTGGCTGCGA 
3. Dendrobium chrysotoxum CCCCTCGGCA CGGCGGGCTT AAGAGCGGGT AATCATCTCG TTGGCTGCGA 
1. Dendrobium chrysotoxum ACAATATGGG GTGGATAAAT GCGATGCTTA TGATATTGTG CCGTGCATGC 250 
2. Dendrobium chrysotoxum ACAATATGGG GTGGATAAAT GCGATGCCTA TGATATTGTG CCGTGCATGC 
3. Dendrobium chrysotoxum ACAATATGGG GTGGATAAAT GCGATGCTTA TGATATTGTG CCGTGCATGC 
" \ 
1. Dendrobium chrysotoxum CCGAGAGATG ATCATACTTA TTCAGGTGAT CCCAAACCAT GCGTCGATCC 300 
2. Dendrobium chrysotoxum CCGAGAGATG ATCATACTTA TTCAGGTGAT CCCAAACCAT GCGTCGATCC 
3. Dendrobium chrysotoxum CCGAGAGATG ATCATACTTA TTCAGGTGAT CCCAAACCAT GCGTCGATCC 
1. Dendrobium chrysotoxum ATGGATGGCG TTTTGAATGC GACCCCAGGA CAGGCGAGGC CACCCGCCGA 350 
2. Dendrobium chrysotoxum ATGGATGGCG TTTTGAATGC GACCCCAGGA CAGGCGAGGC CACCCGCCGA 
3. Dendrobium chrysotoxum ATGGATGGCG TTTTGAATGC GACCCCAGGA CAGGCGAGGC CACCCGCCGA 
ITS 2 <= 
1. Dendrobium chrysotoxum GTTTAAGCAT ATCAATAAGC GGAGGAGAAG AAACTTACGA GGATTCCCCT 400 
2. Dendrobium chrysotoxum GTTTAAGCAT ATCAATAAGC GGAGGAGAAG AAACTTACGA GGATTCCCCT 
3. Dendrobium chrysotoxum GTTTAAGCAT ATCAATAAGC GGAGGAGAAG AAACTTACGA GGATTCCCCT 
1. Dendrobium chrysotoxum AGTAACGGCG AGT 413 
2. Dendrobium chrysotoxum AGTAACGGCG AGT 
3. Dendrobium chrysotoxum AGTAACGGCG AGT 
Total number of base pairs = 413 
Number of base pairs in ITS 2 region = 243 
Position of base pairs difference = 228 (underlined and marked with ablack arrow) 
Percentage difference = 1 / 413 * 100 % = 0. 24 % 
Figure 4. 3. 12 Sequence alignment and calculation on sequence difference of the three samples 
of Dendrobium moniliforme 
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1. Dendrobium chrysotoxum AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 50 
2. Dendrobium chrysotoxum AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 
3. Dendrobium chrysotoxum AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 
1. Dendrobium crepidatum GCACGTCTGC CTGGGCGTCA AGCATTTTGT TGCTCCGTGT CTACTCACAC 100 
2. Dendrobium crepidatum GCACGTCTGC CTGGGCGTCA AGCATTTTGT TGCTCCGTGT CTACTCACAC 
、3. Dendrobium crepidatum GCACGTCTGC CTGGGCGTCA AGCATTTTGT TGCTCCGTGT CTACTCACAC 
=> ITS 2 
1. Dendrobium crepidatum CCATCGATGG ATGTGCTGGT GTAGGCTCGG ATGTGCATGC TGGCTCGTCG 150 
2. Dendrobium crepidatum CCATCGATGG ATGTGCTGGT GTAGGCTCGG ATGTGCATGC TGGCTCGTCG 
3. Dendrobium crepidatum CCATCGATGG ATGTGCTGGT GTAGGCTCGG ATGTGCATGC TGGCTCGTCG 
1. Dendrobium crepidatum TTCTCCCAGG TGCGGCGGGC TGAAGAGCGG GTCATCCTCT CGTTTGCGGC 200 
2. Dendrobium crepidatum TTCTCCCAGG TGCGGCGGGC TGAAGAGCGG GTCATCCTCT CGTTTGCGGC 
3. Dendrobium crepidatum TTCTCCCAGG TGCGGCGGGC TGAAGAGCGG GTCATCCTCT CGTTTGCGGC 
1. Dendrobium crepidatum GAACAATAAG GGGTGGATTG AAGAGAGGTC TATGCTATTG TGTCGTGCAT 250 
2. Dendrobium crepidatum GAACAATAAG GGGTGGATTG AAGAGAGGTC TATGCTATTG TGTCGTGCAT 
3. Dendrobium crepidatum GAACAATAAG GGGTGGATTG AAGAGAGGTC TATGCTATTG TGTCGTGCAT 
1. Dendrobium crepidatum GCCTGAGAGA TGATTAACTT TTTTGTGATC CTAAATCATG CATCGATCCA 300 
2. Dendrobium crepidatum GCCTGAGAGA TGATTAACTT TTTTGTGATC CCAAATCATG CATCGATCCA 
3 Dendrobium crepidatum GCCTGAGAGA TGATTAACTT TTTTGTGATC CCAAATCATG CATCGATCCA 
\ 
1. Dendrobium crepidatum TGGATGATGC TTTGAATGTG ACCCCAGGAT GGGCGAGGCT ACCCGCTGAG 350 
2. Dendrobium crepidatum TGGATGATGC TTTGAATGTG ACCCCAGGAT GGGCGAGGCT ACCCGCTGAG 
3. Dendrobium crepidatum TGGATGATGC TTTGAATGTG ACCCCAGGAT GGGCGAGGCT ACCCGCTGAG 
ITS 2 <= 
1. Dendrobium crepidatum TTTAAGCATA TCAATAAGCG GAGGAGAAGA AACTTACGAG GATTCCCCTA 400 
2. Dendrobium crepidatum TTTAAGCATA TCAATAAGCG GAGGAGAAGA AACTTACGAG GATTCCCCTA 
3. Dendrobium crepidatum TTTAAGCATA TCAATAAGCG GAGGAGAAGA AACTTACGAG GATTCCCCTA 
1. Dendrobium crepidatum GTAACGGCGA GT 412 
2. Dendrobium crepidatum GTAACGGCGA GT 
3. Dendrobium crepidatum GTAACGGCGA GT 
Total number of base pairs = 412 
Number of base pairs in ITS 2 region = 242 
Position of base pairs difference = 282 (underlined and marked with a black arrow) 
Percentage difference = 1 / 412 * 100 % = 0. 24 % 
Figure 4. 3. 12 Sequence alignment and calculation on sequence difference of the three samples 
of Dendrobium moniliforme 
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1. Dendrobium chrysotoxum AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 50 
2. Dendrobium chrysotoxum AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 
3. Dendrobium chrysotoxum AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 
1. Dendrobium densiflorum GCACGTCTGC CTGGGCGTCA AGCGTTATGT CGCTCCGTGT TAACTCCATC 100 
2. Dendrobium densiflorum GCACGTCTGC CTGGGCGTCA AGCGTTATGT CGCTCCGTGT TAACTCCATC 
、3. Dendrobium densiflorum GCACGTCTGC CTGGGCGTCA AGCGTTATGT CGCTCCGTGT TAACTCCATC 
=> ITS 2 
1. Dendrobium densiflorum CCATCGATGT ATGGGCTGGC GAAGGCTCGG ATGTGCAGTG TGGCTCGTCG 150 
2. Dendrobium densiflorum CCATCGATGT ATGGGCTGGC GAAGGCTCGG ATGTGCAGTG TGGCTCGTCG 
3. Dendrobium densiflorum CCATCGATGT ATGGGCTGGC GAAGGCTCGG ATGTGCAGTG TGGCTCGTCG 
1. Dendrobium densiflorum TGCCCCTTGG TGCGGCGAGC TGAAAAGCGG GTAATCATCT CGTTGGCTGC 200 
2. Dendrobium densiflorum TGCCCCTTGG TGCGGCGAGC TGAAAAGCGG GTAATCATCT CGTTGGCTGC 
3. Dendrobium densiflorum TGCCCCTTGG TGCGGCGAGC TGAAAAGCGG GTAATCATCT CGTTGGCTGC 
1. Dendrobium densiflorum GAACGATAAG GGGTGGATTA AAGCGAGACC TATGTTATTG TGTCGTGTAT 250 
2. Dendrobium densiflorum GAACGATAAG GGGTGGATTA AAGCGAGACC TATGTTATTG TGTCGTGTAT 
3. Dendrobium densiflorum GAACGATAAG GGGTGGATTA AAGCGAGACC TATGTTATTG TGTCGTGTAT 
1. Dendrobium densiflorum GCCCGAGAGA AGATTATACA TACTCAGGTG ATCCTGAATC ATGCGTCGAT 300 
2. Dendrobium densiflorum GCCCGAGAGA AGATTATACA TACTCAGGTG ATCCTGAATC ATGCGTCGAT 
3. Dendrobium densiflorum GCCCGAGAGA AGATTATACA TACTCAGGTG ATCCTGAATC ATGCGTCGAT 
1. Dendrobium densiflorum CAAAGGACGG CGCTTGGAAT GCGACCCCAG GATGGGCGAG GCCACCCGCC 350 
2. Dendrobium densiflorum CAAAGGACGG CGCTTGGAAT GCGACCCCAG GATGGGCGAG GCCACCCGCC 
3. Dendrobium densiflorum CAAAGGACGG CGCTTGGAAT GCGACCCCAG GATGGGCGAG GCCACCCGCC 
ITS 2 «= 
1. Dendrobium densiflorum GAGTTTAAGC ATATTAATAA GCGGAGGAGA AGAAACTTAC GAGGATTCCC 400 
2. Dendrobium densiflorum GAGTTTAAGC ATATTAATAA GCGGAGGAGA AGAAACTTAC GAGGATTCCC 
3. Dendrobium densiflorum GAGTTTAAGC ATATTAATAA GCGGAGGAGA AGAAACTTAC GAGGATTCCC 
1. Dendrobium densiflorum CTAGTAACGG CGAGT 415 
2. Dendrobium densiflorum CTAGTAACGG CGAGT 
3. Dendrobium densiflorum CTAGTAACGG CGAGT 
Total number of base pairs = 415 
Number of base pairs in ITS 2 region = 245 
No difference in any positions of base pairs 
Percentage difference = 0 / 415 * 100 % = 0 % 
Figure 4. 3. 12 Sequence alignment and calculation on sequence difference of the three samples 
of Dendrobium m o n i l i f o r m e 
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( 
1. Dendrobium chrysotoxum AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 50 
2. Dendrobium chrysotoxum AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 
3. Dendrobium chrysotoxum AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 
1. Dendrobium fimbriatum GCACGTCTGC CTGGGCGTCA AGTGTTATGT CGCTCCATGC CAAGTCACCC 100 
2. Dendrobium fimbriatum GCACGTCTGC CTGGGCGTCA AGTGTTATGT CGCTCCATGC CAAGTCACCC 
、3. Dendrobium fimbriatum GCACGTCTGC CTGGGCGTCA AGTGTTATGT CGCTCCATGC CAAGTCACCC 
=> ITS 2 
1. Dendrobium fimbriatum ATCGATGGAT GGGCCGGCGA AGGCTCGGAT GTGCACAGTG GCTCGCCGTG 150 
2. Dendrobium fimbriatum ATCGATGGAT GGGCCGGCGA AGGCTCGGAT GTGCACAGTG GCTCGCCGTG 
3. Dendrobium fimbriatum ATCGATGGAT GGGCCGGCGA AGGCTCGGAT GTGCACAGTG GCTCGCCGTG 
1. Dendrobium fimbriatum CCCCTCGGTG CGGCGGGCTG AAGAGCGGGT CATTATCTTG TTGGCTGCAG 200 
2. Dendrobium fimbriatum CCCCTCGGTG CGGCGGGCTG AAGAGCGGGT CATTATCTTG TTGGCTGCAG 
3. Dendrobium fimbriatum CCCCTCGGTG CGGCGGGCTG AAGAGCGGGT CATTATCTTG TTGGCTGCAG 
1. Dendrobium fimbriatum GCAATAATGG GTGGATAAAC GCGAGGCCTT TGTTATTGTG TCGTGCATGC 250 
2. Dendrobium fimbriatum GCAATAATGG GTGGATAAAC GCGAGGCCTT TGTTATTGTG TCGTGCATGC 
3. Dendrobium fimbriatum GCAATAATGG GTGGATAAAC GCGAGGCCTT TGTTATTGTG TCGTGCATGC 
1. Dendrobium fimbriatum CTAAGATATG ATTAAACTTT TTAGGTGATC CCAAATCATG CGTCGATCCA 300 
2. Dendrobium fimbriatum CTAAGATATG ATTAAACTTT TTAGGTGATC CCAAATCATG CGTCGATCCA 
3. Dendrobium fimbriatum CTAAGATATG ATTAAACTTT TTAGGTGATC CCAAATCATG CGTCGATCCA 
1. Dendrobium fimbriatum CGGATGGCGT TTTGAATGCG ACCCCAGGAT GGGCGAGGCC ACCCGCCGAG 350 
2. Dendrobium fimbriatum CGGATGGCGT TTTGAATGCG ACCCCAGGAT GGGCGAGGCC ACCCGCCGAG 
. 3. Dendrobium fimbriatum CGGATGGCGT TTTGAATGCG ACCCCAGGAT GGGCGAGGCC ACCCGCCGAG 
ITS 2 <= 
1 Dendrobium fimbriatum TTTAAGCATA TCAATAAGCG GAGGAGAAGA AACTTACGAG GATTCCCCTA 400 
2 Dendrobium fimbriatum TTTAAGCATA TCAATAAGCG GAGGAGAAGA AACTTACGAG GATTCCCCTA 
3. Dendrobium fimbriatum TTTAAGCATA TCAATAAGCG GAGGAGAAGA AACTTACGAG GATTCCCCTA 
1. Dendrobium fimbriatum GTAACGGCGA GT 412 
2. Dendrobium fimbriatum GTAACGGCGA GT 
3. Dendrobium fimbriatum GTAACGGCGA GT 
Total number of base pairs = 412 
Number of base pairs in ITS 2 region = 242 
No difference in any positions of base pairs 
Percentage difference = 0 / 412 * 100 % = 0 % 
Figure 4. 3. 12 Sequence alignment and calculation on sequence difference of the three samples 
of Dendrobium moniliforme 
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1. Dendrobium hercoglossum AACCATCGAG TCTTTGAACG CAAGTTGCGC CTGAGGCCAA CCGGCTGAGG 50 
2. Dendrobium hercoglossum AACCATCGAG TCTTTGAACG CAAGTTGCGC CTGAGGCCAA CCGGCTGAGG 
1. Dendrobium hercoglossum GCACGTCCGC CTGGGCGTCA AGCATTTTAT CGCTCCGTGC CTAGTCTCCC 100 
2. Dendrobium hercoglossum GCACGTCCGC CTGGGCGTCA AGCATTTTAT CGCTCCGTGC CTAGTCTCCC 
=> ITS 2 
.、 
1. Dendrobium hercoglossum ATCCATGGAT GTGTTGCCAA GGCTCGGATG TGCACGGTGG CTCGTCGTGC 150 
2. Dendrobium hercoglossum ATCCATGGAT GTGTTGCCAA GGCTCGGATG TGCACGGTGG CTCGTCGTGC 
1. Dendrobium hercoglossum CCCTTGGTGC GGCGGGCTGA AGGGCGGGTC ATCTTCTCGT TGGCTGCCAA 200 
2. Dendrobium hercoglossum CCCTTGGTGC GGCGGGCTGA AGGGCGGGTC ATCTTCTCGT TGGCTGCCAA 
1. Dendrobium hercoglossum CAATAAGGGG TGGATTAAAT AAGGCCTATG CTATTGTGTC AAGCGCGCCT 250 
2. Dendrobium hercoglossum CAATAAGGGG TGGATTAAAT AAGGCCTATG CTATTGTGTC AAGCGCGCCT 
1. Dendrobium hercoglossum GAGAGATGGT CATACTTATT AGGTGATCCC AATTCATGCG TCGATCCATG 300 
2. Dendrobium hercoglossum GAGAGATGGT CATACTTATT AGGTGATCCC AATTCATGCG TCGATCCATG 
1. Dendrobium hercoglossum GATGGCGTAT CGAATGTGAC CCCAGGATGG GCGAGGCCAC CCGCCGAGTT 350 
2. Dendrobium hercoglossum GATGGCGTAT CGAATGTGAC CCCAGGATGG GCGAGGCCAC CCGCCGAGTT 
ITS 2 <= 
1. Dendrobium hercoglossum TAAGCATATC AATAAGCGGA GGAGAAGAAA CTTACGAGGA TTCCCCTAGT 400 
2. Dendrobium hercoglossum TAAGCATATC AATAAGCGGA GGAGAAGAAA CTTACGAGGA TTCCCCTAGT 
1. Dendrobium hercoglossum AACGGCGAGT 410 
2. Dendrobium hercoglossum AACGGCGAGT 
Total number of base pairs = 410 
Number of base pairs in ITS 2 region = 240 
No difference in any positions of base pairs 
Percentage difference = 0 / 410 * 100 % = 0 % 
Figure 4. 3. 7 Sequence alignment and calculation on sequence difference of the two samples of 
Dendrobium hercoglossum 
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1. Dendrobium Jenkinsii AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 50 
2. Dendrobium Jenkinsii AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 
1. Dendrobium jenkinsii GCACGTTCGC CTGGGCGTCA AGCATTACGT CGCTCCATGT CAACTCCATC 100 
2. Dendrobium jenkinsii GCACGTTCGC CTGGGCGTCA AGCATTACGT CGCTCCATGT CAACTCCATC 
=> ITS 2 
1. Dendrobium jenkinsii CCTTCTTTTG ATGGGCTGGT AAAAGGCTTG GACGTGTAAA GTGGCTCGTC 150 
2. Dendrobium jenkinsii CCTTCTTTTG ATGGGCTGGT AAAAGGCTTG GACGTGTAAA GTGGCTCGTC 
1. Dendrobium jenkinsii GTGCCCCTCG GTGCGGCGGG CTTAAGAGCG GGTCATCATC TCGTTGGCTA 200 
2. Dendrobium jenkinsii GTGCCCCTCG GTGCGGCGGG CTTAAGAGCG GGTCATCATC TCGTTGGCTA 
1. Dendrobium jenkinsii CGAACAATTA CGTGTGGATT AAAGTGCGGC CTATCTTATT GTGTCATGTA 250 
2. Dendrobium Jenkinsii CGAACAATTA CGTGTGGATT AAAGTGCGGC CTATCTTATT GTGTCATGTA 
1. Dendrobium jenkinsii TGCCTGAGAA GATTATGCAT TTTTAGGTGA TCCCAAATCA TGCGTCGATC 300 
2. Dendrobium jenkinsii TGCCTGAGAA GATTATGCAT TTTTAGGTGA TCCCAAATCA TGCGTCGATC 
1. Dendrobium jenkinsii CATGGATGAC GTTTGGAATG CGACCCCAGG ATGGGCGAGG TCACCCGCTG 350 
2. Dendrobium jenkinsii CATGGATGAC GTTTGGAATG CGACCCCAGG ATGGGCGAGG TCACCCGCTG 
ITS 2 <= 
1. Dendrobium jenkinsii AGTTTAAGCA TATCAATAAG CGGAGGAGAA GAAACTTACG AGGATTCCCC 400 
2. Dendrobium jenkinsii AGTTTAAGCA TATCAATAAG CGGAGGAGAA GAAACTTACG AGGATTCCCC 
1. Dendrobium Jenkinsii TAGTAACGGC GAGT 414 
2. Dendrobium jenkinsii TAGTAACGGC GAGT 
Total number of base pairs = 414 
Number of base pairs in ITS 2 region = 244 
No difference in any positions of base pairs 
Percentage difference = 0 / 414 * 100 % = 0 % 
I 
Figure 4. 3. 8 Sequence alignment and calculation on sequence difference of the two samples of 
Dendrobium jenkinsii 
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1. Dendrobium lindleyi AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 50 
2. Dendrobium lindleyi AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 
1. Dendrobium lindleyi GCACGTTCGC CTGGGCGTCA AGCATTATGA CGCTCCCTGT CAACTCCATC 100 
2. Dendrobium lindleyi GCACGTTCGC CTGGGCGTCA AGCATTATGA CGCTCCCTGT CAACTCCATC 
=> ITS 2 
、 
1. Dendrobium lindleyi CCATCTTTTA ATGGGCTGGC GAAGGCTCGG ATGTGCAAAG TGGCTCGTCG 150 
2. Dendrobium lindleyi CCATCTTTTA ATGGGCTGGC GAAGGCTCGG ATGTGCAAAG TGGCTCGTCG 
1. Dendrobium lindleyi TGCCTCTCAG TGCGGCGGGC TTAAGAGCGG GTCATCATCT CGTTGGCTAC 200 
2. Dendrobium lindleyi TGCCTCTCAG TGCGGCGGGC TTAAGAGCGG GTCATCATCT CGTTGGCTAC 
1. Dendrobium lindleyi GAACAATTAC GGGTGGATTA AAGTGAGGCC TATATTATAT TGTCGTGTAT 250 
2. Dendrobium lindleyi GAACAATTAC GGGTGGATTA AAGTGAGGCC TATATTATAT TGTCGTGTAT 
1. Dendrobium lindleyi GCCTGAGAGA AGATTATTCA TTTTTTGGTT ATCCCAAATC ATGCGTCGAT 300 
2. Dendrobium lindleyi GCCTGAGAGA AGATTATTCA TTTTTTGGTT ATCCCAAATC ATGCGTCGAT 
1. Dendrobium lindleyi CCATAGATCA CGTTTGGAAT GCGACCCCAG GATGGGCGAG GTCACCCGCT 350 
2. Dendrobium lindleyi CCATAGATCA CGTTTGGAAT GCGACCCCAG GATGGGCGAG GTCACCCGCT 
ITS 2 <= 
1. Dendrobium lindleyi GAGTTTAAGC ATATCACTAA GCGGAGGAGA AGAAACTTAC GAGGATTCCC 400 
2. Dendrobium lindleyi GAGTTTAAGC ATATCACTAA GCGGAGGAGA AGAAACTTAC GAGGATTCCC 
1. Dendrobium lindleyi CTAGTAACGG CGAGT 415 
2. Dendrobium lindleyi CTAGTAACGG CGAGT 
Total number of base pairs = 415 
Number of base pairs in ITS 2 region = 245 
No difference in any positions of base pairs 
Percentage difference = 0 / 415 * 100 % = 0 % 
Figure 4. 3. 9 Sequence alignment and calculation on sequence difference of the two samples of 
Dendrobium lindleyi 
15 
1. Dendrobium chrysotoxum AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 50 
2. Dendrobium chrysotoxum AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 
3. Dendrobium chrysotoxum AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 
1. Dendrobium loddigesii GCACGTCCGC CTGGGCGTCA GTCATTTTAT CGCTCTGTGC CAAGCTACCC 100 
2. Dendrobium loddigesii GCACGTCCGC CTGGGCGTCA GTCATTTTAT CGCTCTGTGC CAAGCTAACC 
、3. Dendrobium loddigesii GCACGTCCGC CTGGGCGTCA GTCATTTTAT CGCTCTGTGC CAAGCTACCC 
=> ITS 2 ^ ^ 
1. Dendrobium loddigesii ATCGATTGAT GTGTTGGCGA AGGCTTGGAT GTGCATTATG GCTCATCGTG 150 
2. Dendrobium loddigesii ATCGATTGAT GTGTTGGCGA AGGCTTGGAT GTGCATTATG GCTCATCGTG 
3. Dendrobium loddigesii ATCGATTGAT GTGTTGGCGA AGGCTTGGAT GTGCATTATG GCTCATCGTG 
1. Dendrobium loddigesii CCCCTGGGCG CGGCGGGCTG AAGAGCGGGT CATCATCTCG TTGGCTGCGA 200 
2. Dendrobium loddigesii CCCCTGGGCG CGGCGGGCTG AAGAGCGGGT CATCATCTCG TTGGCTGCGA 
3. Dendrobium loddigesii CCCCTGGGCG CGGCGGGCTG AAGAGCGGGT CATCATCTCG TTGGCTGCGA 
1. Dendrobium loddigesii ACAATAAGGG GTGGACTGAA GGGAGACCTA TGCTATTGTG TCGTGCATGC 250 
2. Dendrobium loddigesii ACAATAAGGG GTGGACTGAA GGGAGACCTA TGCTATTGTG TCGTGCATGC 
3. Dendrobium loddigesii ACAATAAGGG GTGGACTGAA GGGAGACCTA TGCTATTGTG TCGTGCATGC 
1. Dendrobium loddigesii CTAAGAGTTG ATCATACCTT TGAGGAGATC CCAAATCATG CGTCGATCTA 300 
2. Dendrobium loddigesii CTAAGAGTTG ATCATACCTT TGAGGAGATC CCAAATCATG CGTCGATCTA 
3. Dendrobium loddigesii CTAAGAGTTG ATCATACCTT TGAGGAGATC CCAAATCATG CGTCGATCTA 
1. Dendrobium loddigesii TGGACGGCGC TTTGAATGCG ACCCCAGGAT GGGCGAGGCC ACCCGCCGAG 350 
2. Dendrobium loddigesii TGGACGGCGC TTTGAATGCG ACCCCAGGAT GGGCGAGGCC ACCCGCCGAG 
3. Dendrobium loddigesii TGGACGGCGC TTTGAATGCG ACCCCAGGAT GGGCGAGGCC ACCCGCCGAG 
ITS 2 <= 
1 Dendrobium loddigesii TTTAAGCATA TCAATAAGCG GAGGAGAAGA AACTTACGAG GATTCCCCTA 400 
2. Dendrobium loddigesii TTTAAGCATA TCAATAAGCG GAGGAGAAGA AACTTACGAG GATTCCCCTA 
3. Dendrobium loddigesii TTTAAGCATA TCAATAAGCG GAGGAGAAGA AACTTACGAG GATTCCCCTA 
1. Dendrobium loddigesii GTAACGGCGA GT 412 
2. Dendrobium loddigesii GTAACGGCGA GT 
3. Dendrobium loddigesii GTAACGGCGA GT 
Total number of base pairs = 412 
Number of base pairs in ITS 2 region = 242 
Position of base pairs difference = 98 (underlined and marked with a black arrow) 
Percentage difference = 1 / 412 * 100 % = 0. 24 % 
Figure 4. 3. 12 Sequence alignment and calculation on sequence difference of the three samples 
of Dendrobium monil i forme 
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1. Dendrobium lohohense AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA CCGGCCAAGG 50 
1. Dendrobium lohohense GCACGTCTGC CTGGGCGTCA AGCATTACAT CGCTCCATGT CAAGTCACCC 100 
=> ITS 2 
1. Dendrobium lohohense TTCGATGGAT GGGCTGGCGA AGGCTTGGAT GTGCACAGTG GCTCGTCGTG 150 、 
1. Dendrobium lohohense CCACTTGGTG CGGCGGGCTG AAGAGCGGGT CGTCATCCTC TTGGCCGCGA 200 
1. Dendrobium lohohense ACAATAATGG GTGGATTAAA GCGATGCCTA AGTTATTGTG TGTGCATGCC 250 
1. Dendrobium lohohense TAAGAGATGA TTATACTTTT TAAGTGATCC CAATTCATGC GTCGATCCAT 300 
1. Dendrobium lohohense GGATGACGTT TTGAATGCGA CCCCAGGATA GGCGAGGCCA CCCGCCGAGT 350 
ITS 2 <= 
1. Dendrobium lohohense TTAAGCATAT CAATAAGCGG AGGAGAAGAA ACTTACGAGG ATTCCCCTAG 400 
1. Dendrobium lohohense TAACGGCGAG T 411 
1 ‘ 
Total number of base pairs = 411 
Number of base pairs in ITS 2 region = 241 
Since only one sample is available, no comparison can be made. 
Figure 4.3.11 Sequence of one sample of Dendrobium lohohense 
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1. Dendrobium c h r y s o t o x u m AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 50 
2. Dendrobium c h r y s o t o x u m AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 
3. Dendrobium c h r y s o t o x u m AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 
1. Dendrobium moniliforme GCACGTCCGC CTGGGCGTCA AGCATTTTAT CACTCCGTGC CTACTCTCCC 100 
2. Dendrobium moniliforme GCACGTCCGC CTGGGCGTCA AGCATTTTAT CACTCCGTGC CTACTCTCCC 
、3. Dendrobium moniliforme GCACGTCCGC CTGGGCGTCA AGCATTTTAT CACTCCGTGC CTACTCTCCC 
=> ITS 2 
1. Dendrobium moniliforme ATCCATGGAT GTGTTGCTAA GGCTCGGATG TGCACGGTGG CTCGTCGTGC 150 
2. Dendrobium moniliforme ATCCATGGAT GTGTTGCTAA GGCTCGGATG TGCACGGTGG CTCGTCGTGC 
3. Dendrobium moniliforme ATCCATGGAT GTGTTGCTAA GGCTCGGATG TGCACGGTGG CTCGTCGTGC 
1. Dendrobium moniliforme CCCTTGGTGC GGCGGGCTGA AGGGCGGGTC ATCTTCTCGT TGGCTGCCAA 200 
2. Dendrobium moniliforme CCCTTGGTGC GGCGGGCTGA AGGGCGGGTC ATCTTCTCGT TGGCTGCCAA 
3. Dendrobium moniliforme CCCTTGGTGC GGCGGGCTGA AGGGCGGGTC ATCTTCTCGT TGGCTGCCAA 
1. Dendrobium moniliforme CAATAAGGGG TGGATTAAAT AAGGCCTATG CTATTGTGTC AAGCGCGCCC 250 
2. Dendrobium moniliforme CAATAAGGGG TGGATTAAAT AAGGCCTATG CTATTGTGTC AAGCGCGCCC 
3. Dendrobium moniliforme CAATAAGGGG TGGATTAAAT AAGGCCTATG CTATTGTGTC AAGCGCGCCC 
1. Dendrobium moniliforme GAGAGATGGT CATACTTTTT AGGTGATCCC AATTCATGCG TTGATCCATG 300 
2. Dendrobium moniliforme GAGAGATGGT CATACTTTTT AGGTGATCCC AATTCATGCG TTGATCCATG 
3. Dendrobium moniliforme GAGAGATGGT CATACTTTTT AGGTGATCCC AATTCATGCG TTGATCCATG 
1. Dendrobium moniliforme GATGGCGTAT CGAATGTGAC CCCAGGATGG GCGAGGCCAC CCGCTGAGTT 350 
2. Dendrobium moniliforme GATGGCGTAT CGAATGTGAC CCCAGGATGG GCGAGGCCAC CCGCTGAGTT 
3. Dendrobium moniliforme GATGGCGTAT CGAATGTGAC CCCAGGATGG GCGAGGCCAC CCGCTGAGTT 
ITS 2 <= 
1. Dendrobium moniliforme TAAGCATATC AATAAGCGGA GGAGAAGAAA CTTACGAGGA TTCCCCTAGT 400 
2. Dendrobium moniliforme TAAGCATATC AATAAGCGGA GGAGAAGAAA CTTACGAGGA TTCCCCTAGT 
3. Dendrobium moniliforme TAAGCATATC AATAAGCGGA GGAGAAGAAA CTTACGAGGA TTCCCCTAGT 
1. Dendrobium moniliforme AACGGCGAGT 410 
2. Dendrobium moniliforme AACGGCGAGT 
3. Dendrobium moniliforme AACGGCGAGT 
Total number of base pairs = 410 
Number of base pairs in ITS 2 region = 240 
No difference in any positions of base pairs 
Percentage difference = 0 / 410 * 100 % = 0 % 
Figure 4. 3. 12 Sequence alignment and calculation on sequence difference of the three samples 
of Dendrobium moniliforme 
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1. Dendrobium chrysotoxum AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 50 
2. Dendrobium chrysotoxum AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 
3. Dendrobium chrysotoxum AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 
1. Dendrobium moschatum GCACGTCTGC CTGGGCGTCA AGCGATATGT CGCTCTGTGC TAAGTTAACC 100 
2. Dendrobium moschatum GCACGTCTGC CTGGGCGTCA AGCGATATGT CGCTCTGTGT TAAGTTAACC 
、3. Dendrobium moschatum GCACGTCTGC CTGGGCGTCA AGCGATATGT CGCTCTGTGC TAAGTTAACC 
=> ITS 2 ^ ^ 
1. Dendrobium moschatum ATCGATGGAT GGGTTGGCGA AGGCTCGGAT GTGCATAATG GCTCGTTGTG 150 
2. Dendrobium moschatum ATCGATGGAT GGGTTGGCGA AGGCTCGGAT GTGCATAATG GCTCGTTGTG 
3. Dendrobium moschatum ATCGATGGAT GGGTTGGCGA AGGCTCGGAT GTGCATAATG GCTCGTTGTG 
1. Dendrobium moschatum CCCCTCAGCG TGGCGGGCTG AAGAGGGGGT CATCATCTTG TTAGTCGCAA 200 
2. Dendrobium moschatum CCCCTCAGCG TGGCGGGCTG AAGAGGGGGT CATCATCTTG TTAGTCGCAA 
3. Dendrobium moschatum CCCCTCAGCG TGGCGGGCTG AAGAGGGGGT CATCATCTTG TTAGTCGCAA 
1. Dendrobium moschatum ACAATAAGGG GTGGATAAAT ATGAGGCCTA TGTTATTGTG TTGTGCATGC 250 
2. Dendrobium moschatum ACAATAAGGG GTGGATAAAT ATGAGGCCTA TGTTATTGTG TTGTGCATGC 
3. Dendrobium moschatum ACAATAAGGG GTGGATAAAT ATGAGGCCTA TGTTATTGTG TTGTGCATGC 
1. Dendrobium moschatum CCAAGAGATG ATTAAACCTT TTTTGTGATC CTAAATCATG CGTCAATCCA 300 
2. Dendrobium moschatum CCAAGAGATG ATTAAACCTT TTTTGTGATC CTAAATCATG CGTCAATCCA 
3. Dendrobium moschatum CCAAGAGATG ATTAAACCTT TTTTGTGATC CTAAATCATG CGTCAATCCA 
1. Dendrobium moschatum TGTATGGCGT TTTGAATGCG ACCCCAGGAT GGGCGAGGCC ACCCGCCGAG 350 
2. Dendrobium moschatum TGTATGGCGT TTTGAATGCG ACCCCAGGAT GGGCGAGGCC ACCCGCCGAG 
3. Dendrobium moschatum TGTATGGCGT TTTGAATGCG ACCCCAGGAT GGGCGAGGCC ACCCGCCGAG 
ITS 2 <= 
1. Dendrobium moschatum TTTAAGCATA TCAATAAGCG GAGGAGAAGA AACTTACAAG GATTCCCCTA 400 
2. Dendrobium moschatum TTTAAGCATA TCAATAAGCG GTGGAGAAGA AACTTACAAG GATTCCCCTA 
3 Dendrobium moschatum TTTAAGCATA TCAATAAGCG GAGGAGAAGA AACTTACAAG GATTCCCCTA 
\ 
1. Dendrobium moschatum GTAACGGCGA GT 412 
2. Dendrobium moschatum GTAACGGCGA GT 
3. Dendrobium moschatum GTAACGGCGA GT 
Total number of base pairs = 412 
Number of base pairs in ITS 2 region = 242 
Position of base pairs difference = 90 and 372 (underlined and marked with a black arrow) 
Percentage difference = 2 / 412 * 100 % = 0. 49 % 
Figure 4. 3. 12 Sequence alignment and calculation on sequence difference of the three samples 
of Dendrobium moniliforme 
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1. Dendrobium chrysotoxum AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 50 
2. Dendrobium chrysotoxum AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 
3. Dendrobium chrysotoxum AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA TCGGCCAAGG 
" N N 
1. Dendrobium nobile GCACGTCCGC CTGGGCGTCA AGCATTTTAT CGCTCCGTGC CTAGTCTCCC 100 
2. Dendrobium nobile GCACGTCCGC CTGGGCGTCA AGCATTTTAT CGCTCCGTGC CTAGTCTCCC 
“3. Dendrobium nobile GCACGTCCGC CTGGGCGTCA AGCATTTTAT CGCTCCGTGC CTAGTCTCCC 
=> ITS 2 
1. Dendrobium nobile ATCCATGGAT GTGTTGCCAA GGCTCGGATG TGCACGGTGG CTCGTCGTGC 150 
2. Dendrobium nobile ATCCATGGAT GTGTTGCCAA GGCTCGGATG TGCACGGTGG CTCGTCGTGC 
3. Dendrobium nobile ATCCATGGAT GTGTTGCCAA GGCTCGGATG TGCACGGTGG CTCGTCGTGC 
1. Dendrobium nobile CCGTTGGTGC GGCGGGCTGA AGGGCGGGTC ATCTTCTCGT TGGTTGCCAA 200 
2. Dendrobium nobile CCCTTGGTGC GGCGGGCTGA AGGGCGGGTC ATCTTCTCGT TGGCTGCCAA 
3 Dendrobium nobile CCCTTGGTGC GGCGGGCTGA AGGGCGGGTC ATCTTCTCGT TGGCTGCCAA 
V \ 
1. Dendrobium nobile CAATAAGGGG TGGATTAAAT AAGGCCTATG CTATTGTGTC AAGCGCGCCT 250 
2. Dendrobium nobile CAATAAGGGG TGGATTAAAT AAGGCCTATG CTATTGTGTC AAGCGCGCCT 
3. Dendrobium nobile CAATAAGGGG TGGATTAAAT AAGGCCTATG CTATTGTGTC AAGCGCGCCT 
1. Dendrobium nobile GAGAGATGGT CATACTTTTT AGGTGATCCC AATTCATGCG TCGATCCATG 300 
2. Dendrobium nobile GAGAGATGGT CATACTTATT AGGTGATCCC AATTCATGCG TCGATCCATG 
3 Dendrobium nobile GAGAGATGGT CATACTTATT AGGTGATCCC AATTCATGCG TCGATCCATG 
- \ 
1. Dendrobium nobile GATGGCGTAT CGAATGTGAC CCCAGGATGG GCGAGGCCAC CCGCCGAGTT 350 
2. Dendrobium nobile GATGGCGTAT CGAATGTGAC CCCAGGATGG GCGAGGCCAC CCGCCGAGTT 
3. Dendrobium nobile GATGGCGTAT CGAATGTGAC CCCAGGATGG GCGAGGCCAC CCGCCGAGTT 
ITS 2 ¢= 
1. Dendrobium nobile TAAGCATATC AATAAGCGGA GGAGAAGAAA CTTACGAGGA TTCCCCTAGT 400 
2 Dendrobium nobile TAAGCATATC AATAAGCGGA GGAGAAGAAA CTTACGAGGA TTCCCCTAGT 
3. Dendrobium nobile TAAGCATATC AATAAGCGGA GGAGAAGAAA CTTACGAGGA TTCCCCTAGT 
1. Dendrobium nobile AACGGCGAGT 410 
2. Dendrobium nobile AACGGCGAGT 
3. Dendrobium nobile AACGGCGAGT 
Total number of base pairs = 410 
Number of base pairs in ITS 2 region = 240 
Position of base pairs difference = 41, 45, 153’ 194, 268 
(underlined and marked with a black arrow) 
Percentage difference = 5 / 410 * 100 % = 1. 22 % 
Figure 4. 3. 12 Sequence alignment and calculation on sequence difference of the three samples 
of Dendrobium moniliforme 
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1. Dendrobium officinale AACCATCGAG TCTTTGAACG CAAGTTGCGC CCAAGGCCAA CCGGCTAAGG 50 
2. Dendrobium officinale AACCATCGAG TCTTTGAACG CAAGTTGCGC CCAAGGCCAA CCGGCTAAGG 
3. Dendrobium officinale AACCATCGAG TCTTTGAACG CAAGTTGCGC CCAAGGCCAA CCGGCTAAGG 
4. Dendrobium officinale AACCATCGAG TCTTTGAACG CAAGTTGCGC CCAAGGCCAA CCGGCTAAGG 
5. Dendrobium officinale AACCATCGAG TCTTTGAACG CAAGTTGCGC CCAAGGCCAA CCGGCTAAGG 
6. Dendrobium officinale AACCATCGAG TCTTTGAACG CAAGTTGCGC CCAAGGCCAA CCGGCTAAGG 
、 
1. Dendrobium officinale GCACGTCCGC CTGGGCGTCA AGCATTTTAT CTCTCCGTGC CTAATCTCCC 100 
2. Dendrobium officinale GCACGTCCGC CTGGGCGTCA AGCATTTTAT CTCTCCGTGC CTAATCTCCC 
3. Dendrobium officinale GCACGTCCGC CTGGGCGTCA AGCATTTTAT CTCTCCGTGC CTAATCTCCC 
4. Dendrobium officinale GCACGTCCGC CTGGGCGTCA AGCATTTTAT CTCTCCGTGC CTAATCTCCC 
5. Dendrobium officinale GCACGTCCGC CTGGGCGTCA AGCATTTTAT CTCTCCGTGC CTAATCTCCC 
6. Dendrobium officinale GCACGTCCGC CTGGGCGTCA AGCATTTTAT CTCTCCGTGC CTAATCTCCC 
=> ITS 2 
1. Dendrobium officinale ATCCATGGAT GTGTTACTAA GGCTCGGATG TGCATGGTGG CTCCTCGTGC 150 
2. Dendrobium officinale ATCCATGGAT GTGTTACTAA GGCTCGGATG TGCATGGTGG CTCCTCGTGC 
3 Dendrobium officinale ATCCATGGAT GTGTTACTAA GGCTCGGATG TGCATGGTGG CTCCTCGTGC 
4. Dendrobium officinale ATCCATGGAT GTGTTACTAA GGCTCGGATG TGCATGGTGG CTCCTCGTGC 
5 Dendrobium officinale ATCCATGGAT GTGTTACTAA GGCTCGGATG TGCATGGTGG CTCCTCGTGC 
6. Dendrobium officinale ATCCATGGAT GTGTTACTAA GGCTCGGATG TGCATGGTGG CTCCTCGTGC 
1. Dendrobium officinale CCCTTGGTGC GGCGGGCTGA AGGGCGGGTC ATCTTCTCGT TGGTTGCCAA 200 
2. Dendrobium officinale CCCTTGGTGC GGCGGGCTGA AGGGCGGGTC ATCTTCTCGT TGGTTGCCAA 
3. Dendrobium officinale CCCTTGGTGC GGCGGGCTGA AGGGCGGGTC ATCTTCTCGT TGGTTGCCAA 
4. Dendrobium officinale CCCTTGGTGC GGCGGGCTGA AGGGCGGGTC ATCTTCTCGT TGGTTGCCAA 
5 Dendrobium officinale CCCTTGGTGC GGCGGGCTGA AGGGCGGGTC ATCTTCTCGT TGGTTGCCAA 
6. Dendrobium officinale CCCTTGGTGC GGCGGGCTGA AGGGCGGGTC ATCTTCTCGT TGGTTGCCAA 
1 Dendrobium officinale CAATAAGGGG TGGATTAAAA AAGGCCTATG CTATTGTGAT AAGCGCGCCC 250 
2 Dendrobium officinale CAATAAGGGG TGGATTAAAA AAGGCCTATG CTATTGTGAT AAGCGCGCCC 
3 Dendrobium officinale CAATAAGGGG TGGATTAAAA AAGGCCTATG CTATTGTGAT AAGCGCGCCC 
4 Dendrobium officinale CAATAAGGGG TGGATTAAAA AAGGCCTATG CTATTGTGAT AAGCGCGCCC 
5 Dendrobium officinale CAATAAGGGG TGGATTAAAA AAGGCCTATG CTATTGTGAT AAGCGCGCCC 
6. Dendrobium officinale CAATAAGGGG TGGATTAAAA AAGGCCTATG CTATTGTGAT AAGCGCGCCC 
1. Dendrobium officinale GAGAGATGAT CATACTTTTT AGGTGATCCC AATCCATGCG CTAATCCATG 300 
2. Dendrobium officinale GAGAGATGAT CATACTTTTT AGGTGATCCC AATCCATGCG CTAATCCATG 
3 Dendrobium officinale GAGAGATGAT CATACTTTTT AGGTGATCCC AATCCATGCG CTAATCCATG 
4. Dendrobium officinale GAGAGATGAT CATACTTTTT AGGTGATCCC AATCCATGCG CTAATCCATG 
5 Dendrobium officinale GAGAGATGAT CATACTTTTT AGGTGATCCC AATCCATGCG CTAATCCATG 
6. Dendrobium officinale GAGAGATGAT CATACTTTTT AGGTGATCCC AATCCATGCG CTAATCCATG 
Figure 4. 3. 15 Sequence alignment and calculation on sequence difference of the six samples of 
Dendrobium officinale 
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1. Dendrobium officinale GATGGCGTAT CGAATGCGAC CCCAGGATGG GCGAGGCCAC CTGCTGAGTT 350 
2. Dendrobium officinale GATGGCGTAT CGAATGCGAC CCCAGGATGG GCGAGGCCAC CTGCTGAGTT 
3. Dendrobium officinale GATGGCGTAT CGAATGCGAC CCCAGGATGG GCGAGGCCAC CTGCTGAGTT 
4. Dendrobium officinale GATGGCGTAT CGAATGCGAC CCCAGGATGG GCGAGGCCAC CTGCTGAGTT 
5. Dendrobium officinale GATGGCGTAT CGAATGCGAC CCCAGGATGG GCGAGGCCAC CTGCTGAGTT 
6. Dendrobium officinale GATGGCGTAT CGAATGCGAC CCCAGGATGG GCGAGGCCAC CTGCTGAGTT 
、 ITS 2 <= 
1. Dendrobium officinale TAAGCATATC AATAAGCGGA GGAAAAGAAA CTTACGAGGA TTCCCCTAGT 400 
2. Dendrobium officinale TAAGCATATC AATAAGCGGA GGAAAAGAAA CTTACGAGGA TTCCCCTAGT 
3. Dendrobium officinale TAAGCATATC AATAAGCGGA GGAAAAGAAA CTTACGAGGA TTCCCCTAGT 
4. Dendrobium officinale TAAGCATATC AATAAGCGGA GGAAAAGAAA CTTACGAGGA TTCCCCTAGT 
5. Dendrobium officinale TAAGCATATC AATAAGCGGA GGAAAAGAAA CTTACGAGGA TTCCCCTAGT 
6. Dendrobium officinale TAAGCATATC AATAAGCGGA GGAAAAGAAA CTTACGAGGA TTCCCCTAGT 
1. Dendrobium officinale AACGGCGAGT 410 
2. Dendrobium officinale AACGGCGAGT 
3. Dendrobium officinale AACGGCGAGT 
4. Dendrobium officinale AACGGCGAGT 
5. Dendrobium officinale AACGGCGAGT 
6. Dendrobium officinale AACGGCGAGT 
Total number of base pairs = 410 
Number of base pairs in ITS 2 region = 240 
No difference in any positions of base pairs 
Percentage difference = 0 / 410 * 100 % = 0 % 
Figure 4. 3. 15 cont' 
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1. Dendrobium williamsonii AACCATCGAG TCTTTGAACG CAAGTTGCGC CTGAGGCCAA CCGGCCAAGG 50 
2. Dendrobium williamsonii AACCATCGAG TCTTTGAACG CAAGTTGCGC CTGAGGCCAA CCGGCCAAGG 
1. Dendrobium williamsonii GCACGTCTGC CTGGGCGTCA AGCGTTACGT CACTCCGTGC CAACTCCATT 100 
2. Dendrobium williamsonii GCACGTCTGC CTGGGCGTCA AGCGTTACGT CACTCCGTGC CAACTCCATT 
=> ITS 2 
.、 
1. Dendrobium williamsonii CCATCGATGG ATGGGCCGGT GAAGGCTCGG ATGTGTAGAG TGGCTCGTCG 150 
2. Dendrobium williamsonii CCATCGATGG ATGGGCCGGT GAAGGCTCGG ATGTGTAGAG TGGCTCGTCG 
1. Dendrobium williamsonii TGCCCGTCGG TGCGGCGGGT TGAAGAGTGG GTCATCATCT CGTTGGCTGC 200 
2. Dendrobium williamsonii TGCCCGTCGG TGCGGCGGGT TGAAGAGTGG GTCATCATCT CGTTGGCTGC 
1. Dendrobium williamsonii GAACAATAAG GGGTGGAATA AAGTGAGACC TATGTTATTG TGTCGTGTAT 250 
2. Dendrobium williamsonii GAACAATAAG GGGTGGAATA AAGTGAGACC TATGTTATTG TGTCGTGTAT 
1. Dendrobium williamsonii GCCTGAGAGA AGACCATTAT CAGGAGATCC CAAATCATGC GTCGATCCAT 300 
2. Dendrobium williamsonii GCCTGAGAGA AGACCATTAT CAGGAGATCC CAAATCATGC GTCGATCCAT 
1. Dendrobium williamsonii GAATGGCGTT TGGAATGCGA CCCCAGGATG GGCGAGGCCA CCCGCCGAGT 350 
2. Dendrobium williamsonii GAATGGCGTT TGGAATGCGA CCCCAGGATG GGCGAGGCCA CCCGCCGAGT 
ITS 2 <= 
1. Dendrobium williamsonii TTAAGCATAT CAATAAGCGG AGGAGAAGAA ACTTACGAGG ATTCCCCTAG 400 
2. Dendrobium williamsonii TTAAGCATAT CAATAAGCGG AGGAGAAGAA ACTTACGAGG ATTCCCCTAG 
1. Dendrobium williamsonii TAACGGCGAG T 411 
2. Dendrobium williamsonii TAACGGCGAG T 
Total number of base pairs = 411 
Number of base pairs in ITS 2 region = 241 
No difference in any positions of base pairs 
Percentage difference = 0 / 411 * 100 % = 0 % 
Figure 4. 3. 16 Sequence alignment and calculation on sequence difference of the two samples of 
Dendrobium williamsonii 
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1.Pholidota cantonensis AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA CCGGCCAAGG 50 
2. Pholidota cantonensis AACCATCGAG TCTTTGAACG CAAGTTGCGC CCGAGGCCAA CCGGCCAAGG 
1. Pholidota cantonensis GCACGTCTGC CTGGGCGTCA AGCGTTGCGT CGCTCCGTGC CATCCCCGTC 100 
2. Pholidota cantonensis GCACGTCTGC CTGGGCGTCA AGCGTTGCGT CGCTCCGTGC CATCCCCGTC 
=> ITS 2 
•、 
1. Pholidota cantonensis CCACGAATGC GTGCGACGGT CGAGGCCCGG ACGTGCAGAG TGGCTCGTCG 150 
2. Pholidota cantonensis CCACGAATGC GTGCGACGGT CGAGGCCCGG ACGTGCAGAG TGGCTCGTCG 
1. Pholidota cantonensis TGCCCGTTGG TGCGGCGGGC TGAAGAGTGT GGGCTATCGT CTCGTTGGCC 200 
2. Pholidota cantonensis TGCCCGTTGG TGCGGCGGGC TGAAGAGTGT GGGCTATCGT CTCGTTGGCC 
{ 
1. Pholidota cantonensis AACAGCGACA AGGGGTGGAT GAAAGCTGTA TGAGCAAAGA GAGCCTATGT 250 
2. Pholidota cantonensis AACAGCGACA AGGGGTGGAT GAAAGCTGTA TGAGCAAAGA GAGCCTATGT 
1. Pholidota cantonensis TGTTGCTTGC TTGGCCCGAG AAAAGATTCC CAGCTGATGA TCCCAACCCA 300 
2. Pholidota cantonensis TGTTGCTTGC TTGGCCCGAG AAAAGATTCC CAGCTGATGA TCCCAACCCA 
1. Pholidota cantonensis CGCGTCGATC CACAGGCGAC GGCTTGGAAT GCGACCCCAG GATGGGCGAG 350 
2. Pholidota cantonensis CGCGTCGATC CACAGGCGAC GGCTTGGAAT GCGACCCCAG GATGGGCGAG 
ITS 2 <= 
1. Pholidota cantonensis GCCACCCGCC GAGTTTAAGC ATATCAATAA GCGGAGGAGA AGAAACTTAC 400 
2. Pholidota cantonensis GCCACCCGCC GAGTTTAAGC ATATCAATAA GCGGAGGAGA AGAAACTTAC 
1. Pholidota cantonensis GAGGATTCCC CTAGTAACGG CGAGT 425 
2. Pholidota cantonensis GAGGATTCCC CTAGTAACGG CGAGT 
Total number of base pairs = 425 
Number of base pairs in ITS 2 region = 255 
No difference in any positions of base pairs 
Percentage difference = 0 / 425 * 100 % = 0 % 
Figure 4. 3. 17 Sequence alignment and calculation on sequence difference of the two samples of 
Pholidota cantonensis 
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1. Dendrobium aduncum AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAACCGCCTAAGG 50 
2. Dendrobium aduncum AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAACCGGCTAAGG 
3. Dendrobium aduncum AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAACCGGCTAAGG 
4. Dendrobium chrysanthum AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAACCTGCeAAGG 
5. Dendrobium chrysanthum AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAACCTGCCAAGG 
6. Dendrobium chrysotoxum AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAATCGGCCAAGG 
7. Dendrobium chrysotoxum AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAATCGGCCAAGG 
、8. Dendrobium chrysotoxum AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAATCGGCCAAGG 
9. Dendrobium crepidatum AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAATCGGCCAAGG 
10. Dendrobium crepidatum AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAATCGGCCAAGG 
11. Dendrobium crepidatum AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAATCGGCCAAGG 
12. Dendrobium densiflorum AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAACCGGCCAAGG 
13. Dendrobium densiflorum AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAACCGGCCAAGG 
14. Dendrobium densiflorum AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAACCGGCCAAGG 
15. Dendrobium fimbriatum AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAACAGGCCAAGG 
16. Dendrobium fimbriatum AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAACAGGCCAAGG 1 
17. Dendrobium fimbriatum AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAACAGGCCAAGG 
18. Dendrobium hercoglossum AACCATCGAGTCTTTGAACGCAAGTTGCGCCTGAGGCCAACCGGCTGAGG 
19. Dendrobium hercoglossum AACCATCGAGTCTTTGAACGCAAGTTGCGCCTGAGGCCAACCGGCTGAGG 
20. Dendrobium jenkinsii AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAATCGGCCAAGG 
21. Dendrobium jenkinsii AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAATCGGCCAAGG 
22. Dendrobium lindleyi AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAATCGGCCAAGG 
23. Dendrobium lindleyi AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAATCGGCCAAGG 
24. Dendrobium loddigesii AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAACCGGCCAAGG 
25. Dendrobium loddigesii AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAACCGGCCAAGG 
26. Dendrobium loddigesii AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAACCGGCCAAGG 
27. Dendrobium lohohense AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAACCGGCCAAGG 
28. Dendrobium moniliforme AACCATCGAGTCTTTGAACGCAAGTTGCGCCTGAGGCCAACCGGCTGAGG 
29. Dendrobium moniliforme AACCATCGAGTCTTTGAACGCAAGTTGCGCCTGAGGCCAACCGGCTGAGG 
30. Dendrobium moniliforme AACCATCGAGTCTTTGAACGCAAGTTGCGCCTGAGGCCAACCGGCTGAGG 
31. Dendrobium moschatum AACCATCGAGTCTTTGAACGCAAGTTGCGCCTGAGGCCAACCGGCCAAGG 
32. Dendrobium moschatum AACCATCGAGTCTTTGAACGCAAGTTGCGCCTGAGGCCAACCGGCCAAGG 
33. Dendrobium moschatum AACCATCGAGTCTTTGAACGCAAGTTGCGCCTGAGGCCAACCGGCCAAGG 
34. Dendrobium nobile AACCATCGAGTCTTTGAACGCAAGTTGCGCCTGAGGCCAATCGGTTGAGG 
35. Dendrobium nobile AACCATCGAGTCTTTGAACGCAAGTTGCGCCTGAGGCCAACCGGCTGAGG 
36. Dendrobium nobile AACCATCGAGTCTTTGAACGCAAGTTGCGCCTGAGGCCAACCGGCTGAGG 
37. Dendrobium officinale AACCATCGAGTCTTTGAACGCAAGTTGCGCCCAAGGCCAACCGGCTAAGG 
38. Dendrobium officinale AACCATCGAGTCTTTGAACGCAAGTTGCGCCCAAGGCCAACCGGCTAAGG 
39. Dendrobium officinale AACCATCGAGTCTTTGAACGCAAGTTGCGCCCAAGGCCAACCGGCTAAGG 
40. Dendrobium officinale AACCATCGAGTCTTTGAACGCAAGTTGCGCCCAAGGCCAACCGGCTAAGG 
41. Dendrobium officinale AACCATCGAGTCTTTGAACGCAAGTTGCGCCCAAGGCCAACCGGCTAAGG 
42. Dendrobium officinale AACCATCGAGTCTTTGAACGCAAGTTGCGCCCAAGGCCAACCGGCTAAGG 
43. Dendrobium williamsonii AACCATCGAGTCTTTGAACGCAAGTTGCGCCTGAGGCCAACCGGCCAAGG 
44. Dendrobium williamsonii AACCATCGAGTCTTTGAACGCAAGTTGCGCCTGAGGCCAACCGGCCAAGG 
45. Pholidota cantonensis AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAACCGGCCAAGG 
46. Pholidota cantonensis AACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGGCCAACCGGCCAAGG 
Figure 4.4 Multiple sequences alignment of 17 orchid species, totally 46 samples. Part of 
5. 8S corresponds to base pairs 1 to 73’ ITS 2 74 to 336, and part of 26S 337 to 
433. Shaded regions highlight the position of base pair difference. 
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1. Dendrobium aduncum GCACGTCCGCCTGGGCGTCAAGCATTTTATCGCTCCGTGCCTAATCT- C 100 
2. Dendrobium aduncum GCACGTCCGCCTGGGCGTCAAGCATTTTATCGCTCCGTGCCTAATCT~H： 
3. Dendrobium aduncum GCACGTCCGCCTGGGCGTCAAGCATTTTATCGCTCCGTGCCTAATCT—C 
4. Dendrobium chrysanthum GCACGTCTGCCTGGGCGTCAAGCATTTTGTTGCTCCGTGTCTCGTCA"C 
5. Dendrobium chrysanthum GCACGTCTGCCTGGGCGTCAAGCATTTTGnGCTCCGTGTCTCGTCA^ 
6. Dendrobium chrysotoxum GCACGTCTGCCTGGGCGTCAAGCGTTACGTCGCTCCGTGTCCAGCCA^ 
7. Dendrobium chrysotoxum GCACGTCTGCCTGGGCGTCAAGCGTTACGTCGCTCCGTGTCCAGCCA-^ 
、8. Dendrobium chryso toxua GCACGTCTGCCTGGGCGTCAAGCGTTACGTCGCTCCGTGTCCAGCCA^ 
9. Dendrobium crepidatum GCACGTCTGCCTGGGCGTCAAGCATTTTGTTGCTCCGTGTCTACTCACAC 
10. Dendrobium crepidatum GCACGTCTGCCTGGGCGTCAAGCATTTTGTTGCTCCGTGTCTACTCACAC 
11. Dendrob ium crepida tum GCACGTCTGCCTGGGCGTCAAGCATTTTGnCCTCCGTGTCTACTCACAC 
12. Dendrobium densiflorum GCACGTCTGCCTGGGCGTCAAGCGmTGTCGCTCCGTGTTAACTCCATC 
13. Dendrob ium dens iflorum GCACGTCTGCCTGGGCGTCAAGCGnATGTCGCTCCGTGTTAACTCCATC 
14. Dendrobium densiflorum GCACGTCTGCCTGGGCGTCAAGCGTTATGTCGCTCCGTGnAACTCCATC 
15. Dendrobium fimbriatum GCACGTCTGCCTGGGCGTCAAGTGTTATGTCGCTCCATGCCAAGTCA-^ 
16. Dendrobium fimbriatuw GCACGTCTGCCTGGGCGTCAAGTGTTATGTCGCTCCATGCCAAGTCA—C 
17. Dendrobium fimbriatum GCACGTCTGCCTGGGCGTCAAGTGTTATGTCGCTCCATGCCAAGTCA-"C 
18. Dendrobium hercoglossum GCACGTCCGCCTGGGCGTCAAGCATTTTATCGCTCCGTGCCTAGTCT~C 
19. Dendrobium hercoglossum GCACGTCCGCCTGGGCGTCAAGCATTTTATCGCTCCGTGCCTAGTCT-^ 
20. Dendrobium jenkinsii GCACCnCGCCTGGGCGTCAAGCAnACGTCGCTCCATGTCAACTCCATC 
21. Dendrobium jenkinsii GCACGTTCGCCTGGGCGTCAAGCATTACGTCGCTCCATGTCAACTCCATC 
22. Dendrobium lindleyi GCACGnCGCCTGGGCGTCAAGCATTATGACGCTCCCTGTCAACTCCATC 
23. Dendrobium lindleyi GCACGTTCGCCTGGGCGTCAAGCATTATGACGCTCCCTGTCAACTCCATC 
24. Dendrobium loddigesii GCACGTCCGCCTGGGCGTCAGTCATTTTATCGCTCTGTGCCAAGCTA-K： 
25. Dendrobium loddigesii GCACGTCCGCCTGGGCGTCAGTCAnTTATCGCTCTGTGCCAAGCTA--A 
26. Dendrobium loddigesii GCACGTCCGCCTGGGCGTCAGTCATTTTATCGCTCTGTGCCAAGCTA-^ 
27. Dendrobium lohohense GCACGTCTGCCTGGGCGTCAAGCAnACATCGCTCCATGTCAAGTCA~C 
28. Dendrobium moniliforme GCACGTCCGCCTGGGCGTCAAGCATTTTATCACTCCGTGCCTACTCT"C 
29. Dendrobium moniliforme GCACGTCCGCCTGGGCGTCAAGCAnTTATCACTCCGTGCCTACTCT-K： 
30. Dendrobium moniliforme GCACGTCCGCCTGGGCGTCAAGCATTTTATCACTCCGTGCCTACTCT-K： 
31. Dendrobium moscha tum GCACGTCTGCCTGGGCGTCAAGCGATATGTCGCTCTGTGCTAAGTTA—A 
32. Dendrobium moschatum GCACGTCTGCCTGGGCGTCAAGCGATATGTCGCTCTGTGTTAAGTTA—A 
33. Dendrobium moschatum GCACGTCTGCCTGGGCGTCAAGCGATATGTCGCTCTGTGCTAAGTTA—A 
34. Dendrobium nobile GCACGTCCGCCTGGGCGTCAAGCATTTTATCGCTCCGTGCaAGTCT-K： 
35. Dendrobium nobile GCACGTCCGCCTGGGCGTCAAGCATTTTATCGCTCCGTGCaAGTCT-K： 
36. Dendrobium nobile GCACGTCCGCCTGGGCGTCAAGCATTTTATCGCTCCGTGCCTAGTCT"C 
37. Dendrobium officinale GCACGTCCGCCTGGGCGTCAAGCATTTTATCTCTCCGTGCCTAATCT^C 
38. Dendrobium officinale GCACGTCCGCCTGGGCGTCAAGCATTnATCTCTCCGTGCCTAATCT—C 
39. Dendrobium officinale GCACGTCCGCCTGGGCGTCAAGCATTTTATCTCTCCGTGCCTAATCT-K： 
40. Dendrobium officinale GCACGTCCGCCTGGGCGTCAAGCATTTTATCTCTCCGTGCCTAATCT~C 
41. Dendrobium officinale GCACGTCCGCCTGGGCGTCAAGCATTTTATCTCTCCGTGCaAATa-^ 
42. Dendrobium officinale GCACGTCCGCCTGGGCGTCAAGCATTTTATCTCTCCGTGCCTAATCT-"C 
43. Dendrobium williamsonii GCACGTCTGCCTGGGCGTCAAGCGTTACGTCACTCCGTGCCAACTCCATT 
44. Dendrobium wil1iamsonii GCACGTCTGCCTGGGCGTCAAGCGTTACGTCACTCCGTGCCAACTCCATT 
45. Pholidota cantonensis GCACGTCTGCCTGGGCGTCAAGCGnGCGTCGCTCCGTGCCATCCCCGTC 
46. Pholidota cantonensis GCACGTCTGCCTGGGCGTCAAGCGTTGCGTCGCTCCGTGCCATCCCCGTC 
=> ITS 2 
Figure 4. 3. 15 cont' 
86 
1. Dendrobium aduncum CCATCCATGTATGTGTTG-CAAA-GGCTdGGATGTGCAG6GTGGCTCCTC 150 
2. Dendrobium aduncum CCATCCATGTATGTGTTG-GAAA-GGCTCGGATGTGCACGGTGGCTCCTC 
3. Dendrobium aduncum CCATCCATGTATGTGTTG-CAAA-GGCTCGGATGTGCACGGTGGCTCCTG 
4. Dendrobium chrysanthum CCATCAATGGATGTGCTGGCGAA-GGCTCX^GATGTGCACGGTGGCCCGTC 
5. Dendrobium chrysanthum CCATCAATGGATGTGCTGGCGAA-GGCTCGGATGTGCACGGTGGCCCGTC 
6. Dendrobium chrysotoxum CCGTCOATGOATGGGCTGGCGAT-GGCTCGGATGTGCACAGTGGCTCCTC 
7. Dendrobium chrysotoxum CCGTCGATGGATGGGCTGGCGAT-GGCTCGGATGTGCACAGTGGCTCCTC 
、8. Dendrobium chrysotoxum CCGTCGATGGATGGGCTGGCGAT-GGCTCGGATGTGCACAGTGGCTCCTC 
9. Dendrobium crepidatum CCATCGATGGATGTGCTGGTGTA-GGCTCGGATGTGCATGCTGGCTCGTC 
10. Dendrobium crepidatum CCATCGATGGATGTGCTGGTGTA-GGCTCGGATGTGCATGCTGGCTCGTC 
11. Dendrobium crepidatum CCATCOATGOATGTGCTGGTGTA-GGCTCGGATGTGCATGCTGGCTCGTC 
12. Dendrobium densiflorum CCATCGATGTATGGGCTGGCGAA-GGCTCGGATGTGCAGTGTGGCTCGTC 
13. Dendrobium densiflorum CCATCGATGTATGGGCTGGCGAA-GGCTCGGATGTGCAGTGTGGCTCGTC 
14. Dendrobium densiflorum CCATCOATGTATGGGCTGGCGAA-GGCT(X^GATGTGCAGTGTGGCTCGTC 
15. Dendrobium fimbriatum CCATCGATGGATGGGCCGGCGAA-GGCTCGGATGTGCACAGTGGCTCGCC 
16. Dendrobium fimbriatum CCATCGATGOATGGGCCGGeOAA-GGCTCGGATGTGCACAGTGGCTCGCC 
17. Dendrobium fimbriatum CCATCGATGGATGGGCCGGCGAA-GGCTCGGATGTGCACAGTGGCTC6CC 
18. Dendrobium hercoglossum CCATCCATGGATGTGTTG-CCAA-GGCTOGATGTGCACGGTGGCTCGTC 
19. Dendrobium hercoglossum CCATCCATGGATGTGTO-CCAA-GGCTCGGATGTGCACGGTGGCTCGTC 
20 Dendrobium jenkinsii CCTTCTTTTGATGGGCTGGTAAAAGGCTTGGACGTGTAAAGTGGCTCGTC 
21 Dendrobium jenkinsii CCTTCTTTTGATGGGCTGGTMAAGGCTTGGACGTGTAAAGTGGCTCOTC 
22. Dendrobium lindleyi CCATCTTTTAATGGGCTGGCGAA-GGCTCGGATGTGCAAAGTGGCTCGTC 
23. Dendrobium lindleyi CCATCTTTTAATGGGCTGGCGAA-GGCTCGGATGTGCAAAGTGGCTCGTC 
24. Dendrobium loddigesii CCATOATOATGTGTTGGCGAA-GGCTTGGATGTGCATTATGGCTCATC 
25. Dendrobium loddigesii CCATCGATTGATGTGTTGGCGAA-GGCTTGGATGTGCATTATGGCTCATC 
26. Dendrobium loddigesii CCATCGATTGATGTGTTGGCGAA-GGCTTGGATGTGCATTATGGCTCATC 
27 Dendrobium lohohense CCTTCOATGOATGGGCTGGCGAA"GGCTTGGATGTGCACAGTGGCTCGTC 
28 Dendrobium moniliforme CCATCCATGGATGTGTTG-CTAA-GGCTCGGATGTGCACGGTGGCTCGTC 
29 Dendrobium moniliforme CCATCCATGGATGTGTTG-CTAA-GGCTCGGATGTGCACGGTGGCTCGTC 
30. Dendrobium moniliforme CCATCCATGGATGTGTTG-CTAA-GGCTCGGATGTGCACGGTGGCTCGTC 
31 Dendrobium moschatum CCATCGATGGATGGGTTGGCGAA-GGCTCGGATGTGCATAATGGCTCGTT 
32 Dendrobium moschatum CCATCGATGGATGGGTTGGCGAA-GGCTCGGATGTGCATAATGGCTCGTT 
33 Dendrobium moschatum CCATCGATGGATGGGTTGGCGAA-GGCTCGGATGTGCATAATGGCTCGn 
34 Dendrobium nobile CCATCCATGGATGTGTTGK:CAA-GGCTCGGATGTGCACGGTGGCTCGTC 
35 Dendrobium nobile CCATCCATGGATGTGTTG-CCAA-GGCTCGGATGTGCACGGTGGCTCGTC 
36 Dendrobium nobile CCATCCATGGATGTGTTG-CCAA-GGCTCGGATGTGCACGGTGGCTCGTC 
37 Dendrobium officinale CCATCCATGGATGTGTTA~CTAA-GGCTCGGATGTGCATOGTGGCTCCTC 
38 Dendrobium officinale CCATCCATGOATGTGTTA-CTAA-GGCTCGGATGTGCATGGTGGCTCCTC 
39 Dendrobium officinale CCATCCATGGATGTGTTA-CTAA-GGCTCGGATGTGCATGGTGGCTCCTC 
40 Dendrobium officinale CCATCCATGOATGTGTTA-CTAA-GGCTCGGATGTGCATGGTGGCTCCTC 
41 Dendrobium officinale CCATCCATGGATGTGTTA-CTAA-GGCTCGGATGTGCATGGTGGCTCCTC 
42 Dendrobium officinale CCATCCATGGATGTGTTA-CTAA-GGCTCGGATGTGCATGGTGGCTCCTC 
43 Dendrobium williamsonii CCATCOATGOATGGGCCGGTGAA"GGCTCGGATGTGTAGAGTGGCTCGTC 
44 Dendrobium williamsonii CCATCGATGGATGGGCCGGTGAA-GGCTCGGATGTGTAGAGTGGCTCGTC 
45 Pholidota cantonensis CCAGGAATGCGTGCGACGGTCGA-GGCCCGGACGTGCAGAGTGGCTCGTC 
46. Pholidota cantonensis CC^MTGCGTGCGACGGTCGA_GGCCCGGAgGTGgAg^TGGCI^ 
Figure 4.4 cont' 
87 
1. Dendrobium aduncum GTGCCCCTTGGTGCGGCGGGCTGAAGGCCG--GGTCATCTTCTCGTT0GT 200 
2. Dendrobium aduncum GTGCCCCTTGGTGCGGCGGGeTGAAGGCCG--GGTCATCTTCTCGTTGGC 
3. Dendrobium aduncum GTGCCCCTTGGTGCGGCGGGaGAAGGCCG--GGTCATCTTCTCGTTGGT 
4. Dendrobium chrysanthum GTGCCCCTCGGTGCGGCGGGCTTAAGAGCG—GGTCGCCATCTCGTTGGT 
5. Dendrobium chrysanthum GTGCCCCTCGGTGCGGCGGGCTTAAGAGCG—GGTCGCCATCTCGTTGGT 
6. Dendrobium chrysotoxum GTGCCCCTCGGCACGGCGGGCTTAAGACCG—GGTAATCATCTCGTTGGC 
7. Dendrobium chrysotoxum GTGCCCCTCGGCACGGCGGGCTTAAGAGCXr--GGTAATCATCTCGTTGGC 
、 8 . Dendrobium chrysotoxum GTGCCCCTCGGCACGGCGGGCTTAAGAGCG--GGTAATCATCTCGTTGGC 
9. Dendrobium crepidatum GTTCTCCCAGGTGCGGCGGGCTGAAGAGCG--GGTCATCCTCTCGTTTGC 
10. Dendrobium crepidatum GTTCTCCCAGGTGCGGCGGGCTGAAGAGCG—GGTCATCCTCTCGTTTGC 
11. Dendrobium crepida tum GTTCTCCCACGTGCGGCGGGCTGAAGAGCG—GGTCATCCTCTCGTTTGC 
12. Dendrobium densiflorum GTGCCCCTTGGTGCGGCGAGCTGAAAAGCG--GGTAATCATCTCGTTGGC 
13. Dendrobium densiflorum GTGCCCCTTGGTGCGGCGAGCTGAAAAGCG—GGTAATCATCTCGTTGGC 
14. Dendrobium densiflorum GTGCCCCTTOGTGCGGCGAGCTGAAAAGCG->GGTAATCATCTCGTTGGC 
15. Dendrobium fimbriatum GTGCCCCTCGGTGCGGCGGGCTGAAGAGCG—GGTCATTATCTTGTTGGC 
16. Dendrobium fimbriatum GTGCCCCTCGGTGCGGCGGGeTGAAGAGCG—GGTCATTATCTTGTTGGC 
17. Dendrobium fimbriatum GTGCCCCTCGGTGCGGCGGGCTGAAGAGCG—GGTCATTATCTTGTTGGC 
18. Dendrobium hercoglossum GTGCCCCTTGGTGCGGCGGGCTGAAGGGCG—GGTCATCTTCTCGTTGGC 
19. Dendrobium hercoglossum GTGCCCCTTGGTGCGGCGGGCTGAAGGGCG—GGTCATCTTCTCGTTGGC 
20. Dendrobium jenkinsii GTGCCCCTCGGTGCGGCGGGCTTAAGAGCG—GGTCATCATCTCGTTGGC 
21. Dendrobium jenkinsii GTGCCCCTCGGTGCGGCGGGCTTAAGAGCG—GGTCATCATCTCOTTGGC 
22. Dendrobium lindleyi GTGCCTCTCAGTGCGGCGGGCTTAAGAGCG—GGTCATCATCTCGTTGGC 
23. Dendrobium lindleyi GTGCCTCTCAGTGCGGCGGGCTTAAGAGO^--GGTCATCATCTCGTTGGC 
24. Dendrobium loddigesii GTGCCCCTGGGCGCGGCGGGCTGAAGAGCG—GGTCATCATCTCGTTGGC 
25. Dendrobium loddigesii GTGCCCCTGGGCGCGGCGGGCTGAAGAGCG—GGTCATCATCTCGTTGGC 
26. Dendrobium loddigesii GTGCCCCTGGGCGCGGCGGGCTGAAGAGCG—GGTCATCATCTCGTTGGC 
27. Dendrobium lohohense GTGCCACTTGGTGCGGCGGGCTGAAaAOCG—GGTCGTCATCCTCTTGGC 
28. Dendrobium moniliforme GTGCCCCTTGGTGCGGCGGGCTGAAGGGCG-GGTCATCTTCTCGTTGGC 
29. Dendrobium moniliforme GTGCCCCTTGGTGCGGCGGGCTGAAGGGCG—GGTCATCTTCTCGTTGGC 
30. Dendrobium moniliforme GTGCCCCTTGGTGCGGCGGGCTGAAGGGCG-GGTCATCTTCTCGTTGGC 
31 Dendrobium moschatum GTGCCCCTCAGCGTGGCGGGCTGAAGAGG€--GGTCATCATCTTGTTAGT 
32. Dendrobium moscha tum GTGCCCCTCAGCGTGGCGGGCTGAAGAGGG-GGTCATCATCTTGTTAGT 
33 Dendrobium moschatum GTGCCCCTCAGCGTGGCGGGCTGAAGAGGG--GGTCATCATCTTGTTAGT 
34 Dendrobium nobile GTGCCCGTTGGTGCGGCGGGCTGAAGGGCG—GGTCATCTTCTCGTTGGT 
35 Dendrobium nobile GTGCCCCTTGGTGCGGCGGGCTGAAGGGCG--GGTCATCTTCTCGTTGGC 
36. Dendrobium nobile GTGCCCCTTGGTGCGGCGGGCTGAAGGGCG-GGTCATCTTCTCGTTGGC 
37 Dendrobium officinale GTGCCCCTTGGTGCGGCGGGGTGAAGGGCG—GGTCATCTTCTCGTTGGT 
38 Dendrobium officinale GTGCCCCTTGGTGCGGCGGGCTGAAGGGCG-GGTCATCTTCTCGTTGGT 
39 Dendrobium officinale GTGCCCCTTGGTGCGGCGGGCTGAAGGGCG-GGTCATCTTCTCGTTGGT 
40. Dendrobium officinale GTGCCCCTTGGTGCGGCGGGCTGAAGGGCG-GGTCATCTTCTCGTTGGT 
41 Dendrobium officinale GTGCCCCTTGGTGCGGCGGGCTGAAGGGCG—GGTCATCTTCTCGTTGGT 
42 Dendrobium officinale GTGCCCCTTGGTGCGGCGGGCTGAAGGGCG--GGTCATCTTCTCGTTGGT 
43 Dendrobium williamsonii GTGCCCGTCGGTGCGGCGGGTTGAAGAOTG-GGTCATCATCTCGTTOGC 
44 Dendrobium williamsonii GTGCCCGTCGGTGCGGCGGGTTGAAGAGTG—GGTCATCATCTCGTTGGC 
45 Pholidota cantonensis GTGCCCGTTGGTGCGGCGGGCTGAAGAGTGTGGGCTATCGTCTCGTTGGC 
46. Pholidota cantonensis GTggg^G;[^GGCGg;gr^A2^G|^GGg:^Tqg^TTF2 
Figure 4.4 cont' 
88 
1. Dendrobium aduncum TGCCMCAATAAG<^GTGGAttMAC—i—A-A^^~~"^_6CGTM^5 250 
2. Dendrobium aduncum TGCCAACMTAAGGGGTGGATTAAAC-^~A-AG一*<^-—GGGTATG 
3. Dendrobium aduncum TOCAACAATAAGGGGTGGATTAAAC A-AG———-~~-GCCTATG 
4. Dendrobium chrysanthum TGCGAACAATAAGGGGTGGATTAAAT—~—GGAG GCCTATG 
5. Dendrobium chrysanthum TOCGMCAATAAGGGGTGGATTAAAT GGAG GCCTATG 
6. Dendrobium chrysotoxum TGCGAACAATATGGGGTGGATAAAm CGAT GCTTATC 
7. Dendrobium chrysotoxum TGCGAACAATATGGGGTGGATAAATG—CGAT~~ GCCTATG 
、 8 . Dendrobium chrysotoxum TOGAACAATATGGGGTGGATAAATO—^CGAT GCTTATG 
9. Dendrobium crepidatum GGCGAACAATAAGGGGTGGATTGAAG——AGAG ^GTCTAtG 
10. Dendrobium crepidatum GGCGAACAATAAGGGGTGGATTGAAG——“AGAG GTCTATG 
11. Dendrobium crepida tum GGCGAACAATAAGGGGTGGATTGAAG"-*^-^AGAO GTCTATG 
12. Dendrobium densiflorum TGCGAACGATAAGGGGTGGATTAAAG CGAG ACCTATG 
13. Dendrobium densiflorum TGCGAACGATAAGGGGTGGATTAAAG CGAG ACCTATG 
14. Dendrobium densiflorum TGCGAACGATAAGGGGTGGATTAAAG——-CGAG- -ACCTATG 
15. Dendrobium fimbriatum TGCAGGCAATAATGGGTGGATAAAGG——^CGAG GCCTTTG 
16. Dendrobium fimbriatum TGCAGOCAATAATGGGTGGATAAACG--——CGAG—— GCCTTTG 
17. Dendrobium fimbriatum TGCAGGCAATAATGGGTGGATAAACO-r—CGAG-- GCCTTTG 
18. Dendrobium hercoglossum TGCCMCAATMGGGGTGGATTAAAT~-~-k-kQ GCCTATG 
19. Dendrobium hercoglossum T<5CGMCAATAAGGGGTGGATTAAAT A"AG -GCCTATG 
20. Dendrobium jenkinsii TACGAACAATTACGTGTGGATTAAAG™——TGCG- —GCCTATC 
21. Dendrobium jenkinsii TACGAACAATTACGTGTGGATTAAAG TGCG GCCTATC 
22. Dendrobium lindleyi TACOAACAATTACGGGTGGATTAAAO—TGAG GCCTATA 
23. Dendrobium lindleyi TACGMCAATTACGGGTGGATTAAAG^—TGAG— -GCCTATA 
24. Dendrobium loddigesii TGCGAACAATAAGGGGTGGACTGAAG GGAG ACCTATG 
25. Dendrobium loddigesii TGCGAACAATAAGGGGTGGACTGAAG GGAG ACCTATG 
26. Dendrobium loddigesii TGCGAACAATAAGGGGTGGACTGAAG GGAG ACCTATG 
27. Dendrobium lohohense C6CGAACAATAATGGGTGGATTAAA0 CGAT GCCTAAO 
28. Dendrobium moniliforme tGCCAACAATAAGGGGTGGATTAAAT A~AG GCCTATG 
29. Dendrobium moniliforme TGCCAACAATAAGGGGTGGATTAAAT A_AG GCCTATG 
30. Dendrobium moniliforme TGCCAACAATAAGGGGTGGATTAAAT A-AG GCCTATO 
31. Dendrobium moscha tum GGCAAACAATAAGGGGIGGATAAATA TGAG GCCTATG 
32. Dendrob ium moscha tum CGCAAACAATAAGGGGTGGATAAATA TGAG-- OCCTATG 
33. Dendrobium moschatum CGCAAACAATAAGGGGTGGATAAATA TGAG- GCCTATG 
34. Dendrobium nobile TGCCAACAATAAGGGGTGGATTAAAT A~AG -GCCTATG 
35. Dendrob ium nobile TGCCAACAATAAGGGGTGGATTAAAT——-A-AG GCCTATG 
36. Dendrob ium nob ile TGCCAACAATAAGGGGTGGATTAAAT A-AG GCCTATG 
37. Dendrobium officinale T O C C M C A A T A A G G G G T G G A T T A A M — A - A G GCCTATO 
38. Dendrobium officinale TOCCMCAATAAGGGGTGGATTAAAA"——A-AG GCCTATO 
39. Dendrobium officinale TGCCAACAATAAGGGGTGGATTAAAA A~AG GCCTATG 
40. Dendrobium officinale TGCCAACAATAAGGGGTGGATTAAAA A-AG GCCTATG 
41. Dendrobium officinale TGCCAACAATAAGGGGTGGATTAAAA A-AG GCCTATG 
42. Dendrobium officinale TGCCAACAATAAGGGGTGGATTAAAA A-AG GCCTATG 
43. Dendrobium williamsonii TCCGAACAATAAGGGGTGGAATAAAO TGAG ACCTATG 
44. Dendrobium williamsonii TGCGAACAATAAGGGGTGGAATAAAG TGAG ACCTATG 
45. Pholidota cantonensis CAACAGCGACAAGGGGTGGATGAAAGCTGTATGAGCAAAGAGAGCCTATG 
46. Pholidota cantonensis CAACAGCGACAAGGGGTGGATGAAAGCTGTATGAGCAAAGAGAGCCTATG 
Figure 4.4 cont' 
89 
1. Dendrobium aduncum CTGmTGATATGCGCG-CCCGAGAGATGATCATACn-TTTAGGTGATC 300 
2. Dendrobium aduncum CTGTTGTGATATGCGCG"CCCGAGAGATGATCATACTT-TTTAGGTGATC 
3. Dendrobium aduncum CTGTOTGATATGCGCG-CCCGAGAGATGATCATACTT-TTTAGGTGATC 
4. Dendrobium chrysanthum CTATTOTGTCGTGCATG-CCTAAGAGA~TTAAATTT-TTTAGGTGATC 
5. Dendrobium chrysanthum CTATTOTGTCGTGCATG-CCTAAGAGA-^^^TTAAATTT-TTTAGGTGATC 
6. Dendrobium chrysotoxum ATATTOTGCCGTGCATG^CCCGAGAGATGATCATACTTATTCAGGTGATC 
7. Dendrobium chrysotoxum ATATTGTGCCGTGCATG-CCCGAGAGATGATCATACTTATTCAGGTGATC 
、 8 . Dendrobium chrysotoxum ATATTGTGCCGTGCATG-CCCGAGAGATGATCATACTTATTCAGGTGATC 
9. Dendrobium crepidatum CTATOTGTCGTGCATG-CCTGAGAGATGATTAACTTT-TTT--GTGATC 
10. Dendrobium crepidatum CTATTGTGTCGTGCATG-CCTGAGAGATGATTAACTTT-TTT—GTGATC 
11. Dendrobium crepida tum CTATTOTGTCGTGCATG-CCTOAGAGATGATTAACTTT-Trr—GTGATC 
12. Dendrobium densiflorum TTATTGTGTCGTGTATG-CCCGAGAGAAGATTATACATACTCAGGtGATC 
13. Dendrobium densiflorum TTATTGTGTCGTGTATG-CCCGAGAGAAGATTATACATACTCAGGTGATC 
14. Dendrobium densiflorum TTATtGTGTCGTGTATG-CCCGAGAGAAGATTATACATACTCAGGTGATC 
15. Dendrobium fimbriatum nATTGTGTCGTGCATG-CCTAAGATATGATTAAACTT-TTTAGGTGATC 
16. Dendrobium fimbriatum TTATTGTGTCGTGCATG-CCTAAGATATGATTAAACTT-TTTAGGTGATC 
17. Dendrobium fimbriatum TTATTGTGTCGTGCATG-CCTAAGATATGATTMACTT-TTTAGGTGATC 
18. Dendrobium hercoglossum CTATTGTGTCAAGCGCG-CCTGAGAGATGGTCATACTT-ATTAGGTGATC 
19. Dendrobium hercoglossum CTATTGTGTCAAGCGCG-CCTOAGAGATGOTCATACTT-ATTAGGTGATC 
20. Dendrob ium jenkinsii TTATTGTGTCATGTATG-CCTOAGA—AGATTATGCATTTmGGTGATC 
21. Dendrobium jenkinsii TTATTGTGTCATGTATG-CCTGAGA—AGATTATGCATTTTTAGGTGATC 
22. Dendrobium lindleyi nATATTGTCGTGTATG-CCTOAGAGAAGATTATTCATTTTTOGTTATC 
23. Dendrobium lindleyi TTATATTGTCGTGTATG-CCTGAGAGAAGATTATTCATTmTGGTTATC 
24. Dendrobium loddigesii CTATTGTGTCGTGCATG-CCTAAGAGTTGATCATACCT-TTGAGGAGATC 
25. Dendrobium loddigesii CTATTGTGTCGTGCATG-CCTAAGAGTTGATCATACCT-TTGAGGAGATC 
26. Dendrobium loddigesii CTATTGTGTCGTGCATG-CCTAAGAGTTGATCATACCT-TTGAGGAGATC 
27. Dendrobium lohohense TTATTOTGT-GTGCATG-CCTAAGAGATGATTATACTT-TTTAAGTGATC 
28. Dendrobium moniliforme CTATTGTGTCAAGCGCG~CCCGAGAGATGGTCATACTT~TTTAGGTGATC 
29. Dendrobium moniliforme CTATTGTGTCAAGCGCG-CCCGAGAGATGGTCATACTT-TTTAGGTGATC 
30. Dendrobium moniliforme CTATTGTGTCAAGCGCG-CCCGAGAGATGGTCATACTT-TTTAGGTGATC 
31. Dendrobium moschatum TTATTGTGTTGTGCATG-CCCAAGAGATGATTAAACCT-TTTTTGTGATC 
32. Dendrobium moschatum TTATTGTGTTGTGCATG-CCCAAGAGATGATTAAACCT-TTTTTGTGATC 
33. Dendrobium moscha tum mTTGTGTTGTGCATG-CCCAAGAGATGATTAAACCT-TTTTTGTGATC 
34. Dendrobium nobile CTATTGTGTCAAGCGCG-CCTGAGAGATGGTCATACTT-TTTAGGTGATC 
35. Dendrobium nobile CTATOTGTCAAGCGCG-CCTGAGAGATGGTCATACTT-ATTAGGTGATC 
36. Dendrobium nobile CTATTGTGTCAAGCGCG_CCTGAGAGATGGTCATACTT-ATTAGGTGATC 
37. Dendrobium officinale CTATTGTGATAAGCGCG-CCCGAGAGATGATCATACTT-TTTAGGTGATC 
38. Dendrobium officinale CTATTGTGATAAGCGCG-CCCGAGAGAtGATCATACTT-TTTAGGTGATC 
39. Dendrobium officinale CTATTGTGATAAGCGCG-CCCGAGAGATGATCATACTT-TTTAGGTGATC 
40. Dendrobium officinale CTATTGTGATAAGCGCG-CCCGAGAGATGATCATACTT-TTTAGGTGATC 
41. Dendrobium officinale CTATTGTGATAAGCGCG-CCCGAGAGATGATCATACTT-TTTAGGTGATC 
42. Dendrobium officinale CTATTGTGATAAGCGCG-CCCGAGAGATGATCATACn-TTTAGGTGATC 
43. Dendrobium williamsonii nATTOTGTCGTGTATG-CCTGAGAGAAGACCAT—"^TA-TCAGGAGATC 
44. Dendrobium williamsonii TTATTGTGTCGTGTATG-CCTGAGAGAAGACCAT—~TA^TCAGGAGATC 
45. Pholidota cantonensis TTGTTGCTT-一GCTTGGCCCGAGAAAAGATT—-CCCAGCT-GATGATC 
46. Pholido ta can tonensis TTGTTGCTT~"GCTTGGCCCGAGAAAAGATT—-CCCAGCT-GATGATC 
Figure 4. 3. 15 cont' 
90 
1. Dendrobium aduncum CCAATTCATGCGCTGATCCATGGATGGCG-tATCGAATGCGACCCCAGGA 350 
2. Dendrobium aduncum CCAATTCATGCGCTGATCCATGGATGGCG-TATCGAATGCGACCCCAGGA 
3. Dendrobium aduncum CCAATTCATGCGCTQATCCATGGATGGCG-TATCGAATGCGACCCCAGGA 
4. Dendrobium chrysanthum CCAAAtCACGCGTCGATCCACGGATGATG-CTTTGAATGCGACCCCAGGA 
5. Dendrobium chrysanthum CCAAATCACGCGTCGATCCACGGATGATG'GTTTGAATGCGACCCCAGGA 
6. Dendrobium chrysotoxum CCAAACCATGCGTCGATCCATGGATOGCG-TTTTGAATGCGACCCCAGGA 
7. Dendrobium chrysotoxum CCAAACCATGCGTCGATCCATGGATGGCG-TTTTGAATGCGACCCCAGGA 
、8. Dendrobium chrysotoxum CCAAACCATGCGTCGATCCATGGATGGCG-TTTTGAATGCGACCCCAGGA 
9. Dendrobium crepidatum CTAAATCATGCATCGATCCATOGATGATG-CTTTGAATGTGACCCCAGGA 
10. Dendrobium crepidatum CCAAATCATGCATCGATCCATGGATGATG-CTTTGAATGTGACCCCAGGA 
11. Dendrobium crepidatum CCAAATCATGCATCGATCCATOGATGATG-CTTTGAATGTGACCCCAGGA 
12. Dendrobium densiflorum CTGAATCATGCGTCGATCAAAGGACGGCG-CTTGGAATGCGACCCCAGGA 
13. Dendrobium densiflorum CTGAATCATGCGTCGATCAAAGGACGGCG-CTTGGAATGCGACCCCAGGA 
14. Dendrobium densiflorum CTGAATCATGCGTCGATCAAAGGACGGCG-CTTGGAATGCGACCCCAGGA 
15. Dendrobium fimbriatum CCAAATCATGCGTCGATCCACGGATGGCG-TTTTGAATGCGACCCCAGGA 
16. Dendrob ium fimbria tum CCMATCATGCGTCGATCCACGGATGGCG-TTTTGAATGCGACCCCAGGA 
17. Dendrobium fimbriatum CCAAATCATGCGTCGATCCACGGATGGCG-TTTTGAATGCGACCCCAGGA 
18. Dendrobium hercoglossum CCAATTCATGCGTCGATCCATGGATGGCG-TATCGAATGTGACCCCAGGA 
19. Dendrobium hercoglossum CCAATTCATGCGTCGATCCATGGATGGCG-TATCGAATGTGACCCCAGGA 
20. Dendrobium jenkinsii CCAAATCATGCGTCGATCCATGGATGACG-TTTGGAATGCGACCCCAGGA 
21. Dendrobium jenkinsii CCAAATCATGCGTCGATCCATGGATOACG-TTTGGAATGCGACCCCAGGA 
22. Dendrobium lindleyi CCAAATCATGCGTCGATCCATAGATCACG-TTTGGAATGCGACCCCAGGA 
23. Dendrobium lindleyi CCAAATCATGCGTCGATCCATAGATCACG-TTTGGAATGCGACCCCAGGA 
24. Dendrobium loddigesii CCAAATCATGCGTCGATCTATGGACGGCG-CTTTGAATGCGACCCCAGGA 
25. Dendrobium loddigesii CCAAATCATGCGTCGATCTATGGACGGCG-CTTTGAATGCGACCCCAGGA 
26. Dendrobium loddigesii CCAAATCATGCGTCGATCTATGGACGGCG-CTTTGAATGCGACCCCAGGA 
27. Dendrobium lohohense CCAATTCATGCGTCGATCCATGGATGACG'TTTTGAATGCGACCCCAGGA 
28. Dendrobium moniliforme CCAAnCATGCOnGATCCATGGATGGCG-TATCGAATGTGACCCCAGGA 
29. Dendrobium moniliforme CCAATTCATGCGTTGATCCATGGATGGCG-TATCGAATGTGACCCCAGGA 
30. Dendrobium moniliforme CCAATTCATGCGTTGATCCATGGATGGCG_TATCGAATGTGACCCCAGGA 
31. Dendrobium moschatum CTAAATCATGCGTCAATCCATGTATGGCG-TTTTGAATGCGACCCCAGGA 
32. Dendrobium moschatum CTMATCATGCGTCAATCCATGTATGGCG-TTTTGAATGCGACCCCAGGA 
33. Dendrobium moschatum CTAAATCATGCGTCAATCCATGTATGGCG-TTTTGAATGCGACCCCAGGA 
34. Dendrobium nobile CCAATTCATGCGTCGATCCATGGATGGCG-TATCGAATGTGACCCCAGGA 
35. Dendrobium nobile CCAATTCATGCGTCGATCCATGGATGGCG-TATCGAATGTGACCCCAGGA 
36. Dendrobium nobile CCAATTCATGCGTCGATCCATGGATGGeG-TATCGAATGTGACCCCAGGA 
37. Dendrobium officinale CCAATCCATGCGCTAATCCATGGATGGCG-TATCGAATGCGACCCCAGGA 
38. Dendrobium officinale CCMTCCATGCGCTAATCCATOGATCGCG-TATCGAATGCGACCCCAGGA 
39. Dendrobium officinale CCAATCCATGCGCTAATCCATGGATGGCG-TATCGAATGCGACCCCAGGA 
40. Dendrobium officinale CCAATCCATGCGCTAATCCATGGATGGCG-TATCGAATGCGACCCCAGGA 
41. Dendrobium officinale CCAATCCATGCGCTAATCCATGGATGGCG-TATCGAATGCGACCCCAGGA 
42. Dendrobium officinale CCAATCCATGCGCTAATCCATGGATGGCG-TATCGAATGCGACCCCAGGA 
43. Dendrobium williamsonii CCAAATCATGCGTCGATCCATGAATGGCG-TTTGGAATGCGACCCCAGGA 
44. Dendrobium williamsonii CCAAATCATGCGTCGATCCATGAATGGCG-TTTGGAATGCGACCCCAGGA 
45. Pholidota cantonensis CCAACCCACGCGTCGATCCACAGGCGACGGCTTGGAATGCGACCCCAGGA 
46. Pholidota cantonensis CCAACCCACGCGTCGATCCACAGGCGACGGCTTGGAATGCGACCCCAGGA 
End of ITS 2 <= 
Figure 4.4 cont' 
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1. Dendrobium aduncum TGGGCGAGGCCACCCGCTGAGTTTAAGCATATCAATAAGCGGAGGAAAAG 400 
2. Dendrobium aduncum TGGGCGAGGCCACCCGCTGAGTTTAAGCATATCAATAAGCGGAGGAAAAG 
3. Dendrobium aduncum TGGGCGAGGCCACCCGCTGAGTTTAAGCATATCAATAAGCGGAGGAAAAG 
4. Dendrobium chrysanthum TGGGCGAGGCCACCCGCCGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
5. Dendrobium chrysanthum TOGGCGAGGCCACCCGCCGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
6. Dendrobium chrysotoxum CAGGCGAGGCCACCCGCCGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
7. Dendrobium chrysotoxum CAGGCGAGGCCACCCGCCGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
、8. Dendrobium chrysotoxum CAGGCGAGGCCACCCGCCGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
9. Dendrobium crepidatum tGGGCGAGGCTACCCGCTGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
10. Dendrobium crepidatum TGGGCGAGGCTACCCGCTGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
11. Dendrobium crepidatum TGGGCGAGGCTACCCGCTGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
12. Dendrobium densiflorum TGGGCGAGGCCACCGGCCGAGTTTAAGCATATTAATAAGCGGAGGAGAAG 
13. Dendrobium densiflorum TGGGCGAGGCCACCCGCCGAGTTTAAGCATATTAATAAGCGGAGGAGAAG 
14. Dendrobium densiflorum TOGGCGAGGCCACCCGCCGAGTTTAAGCATATTAATAAGCGGAGGAGAAG 
15. Dendrobium fimbriatum TGGGCGAGGCCACCCGCCGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
16. Dendrobium fimbriatum TGGGCGAGGCCACCCGCCGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
17. Dendrobium fimbriatum TGGGCGAGGCCACCCGCCGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
18. Dendrobium hercoglossum TGGGCGAGGCCACCCGCCGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
19. Dendrobium hercoglossum TGGGCGAGGCCACCCGCCGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
20. Dendrobium jenkinsii TGGGCGAGGTCACCCGCTGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
21. Dendrobium Jenkinsii TGGGCGAGGTCACCCGCTGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
22. Dendrobium lindleyi TGGGCGAGGTCACCCGCTGAGTTTAAGCATATCACTAAGCGGAGGAGAAG 
23. Dendrobium lindleyi TGGGCGAGGTCACCCGCTGAGTTTAAGCATATGACTAAGCGGAGGAGAAG 
24. Dendrobium loddigesii TGGGCGAGGCCACCCGCCGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
25. Dendrobium loddigesii TGGGCGAGGCCACCCGCCGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
26. Dendrobium loddigesii TGGGCGAGGCCACCCGCCGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
27. Dendrobium lohohense TAGGCGAGGCCACCCGCCGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
28. Dendrobium moniliforme TGGGCGAGGCCACCCGCTGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
29. Dendrobium moniliforme TGGGCGAGGCCACCCGCTGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
30. Dendrobium moniliforme TGGGCGAGGCCACCCGCTGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
31. Dendrobium moschatum TGGGCGAGGCCACCCGCCGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
32. Dendrobium moschatum TGGGCGAGGCCACCCGCCGAGTTTAAGCATATCAATAAGCGGTGGAGAAG 
33. Dendrobium moschatum TGGGCGAGGCCACCCGCCGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
34. Dendrobium nobile TGGGCGAGGCCACCCGCCGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
35. Dendrobium nobile TGGGCGAGGCCACCCGCCGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
36. Dendrobium nobile TGGGCGAGGCCACCCGCCGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
37. Dendrobium officinale TGGGCGAGGCCACCTGCTGAGTTTAAGCATATCAATAAGCGGAGGAAAAG 
38. Dendrobium officinale TOGGCGAGGCCACCTGCTGAGTTTAAGCATATCAATAAGCGGAGGAAAAG 
39. Dendrobium officinale TGGGCGAGGCCACCTGCTGAGTTTAAGCATATCAATAAGCGGAGGAAAAG 
40. Dendrobium officinale TGGGCGAGGCCACCTGCTGAGTTTAAGCATATCAATAAGCGGAGGAAAAG 
41. Dendrobium officinale TGGGCGAGGCCACCTGCTGAGTTTAAGCATATCAATAAGCGGAGGAAAAG 
42. Dendrobium officinale TGGGCGAGGCCACCTGCTGAGTTTAAGCATATCAATAAGCGGAGGAAAAG 
43. Dendrobium williamsonii TGGGCGAGGCCACCCGCCGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
44. Dendrobium williamsonii TGGGCGAGGCCACCCGCCGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
45. Pholidota cantonensis TGGGCGAGGCCACCCGCCGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
46. Pholidota cantonensis |GGGCGAGGCCACCGGCCGAGTTTAAGCATATCAATAAGCGGAGGAGAAG 
Figure 4. 3. 15 cont' 
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1. Dendrobium aduncum AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 433 
2. Dendrobium aduncum AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
3. Dendrobium aduncum AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
4. Dendrobium chrysanthum AAACTTACAAGGATTCCCCTAGTAACGGCGAGT 
5. Dendrobium chrysanthum AAACTTACAAGGATTCCCCTAGTAACGGCGAGT 
6. Dendrobium chrysotoxum AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
7. Dendrobium chrysotoxum AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
、%.Dendrobium chrysotoxum AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
9. Dendrobium crepidatum AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
10. Dendrobium crepidatum AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
11. Dendrobium crepidatum AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
12. Dendrobium densiflorum AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
13. Dendrobium densiflorum AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
14. Dendrobium densiflorum AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
15. Dendrobium fimbriatum AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
16. Dendrobium fimbriatum AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
17. Dendrobium fimbriatum AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
18. Dendrobium hercoglossum AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
19. Dendrobium hercoglossum AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
20. Dendrobium jenkinsii AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
21. Dendrobium jenkinsii AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
22. Dendrobium 1indleyi AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
23. Dendrobium lindleyi AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
24. Dendrobium loddigesii AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
25. Dendrobium loddigesii AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
26. Dendrobium loddigesii AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
27. Dendrobium lohohense AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
28. Dendrobium moniliforme AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
29. Dendrobium moniliforme AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
30. Dendrobium moniliforme AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
31. Dendrobium moschatum AAACTTACAAGGATTCCCCTAGTAACGGCGAGT 
32. Dendrobium moschatum AAACTTACAAGGATTCCCCTAGTAACGGCGAGT 
33. Dendrobium moschatum AAACTTACAAGGATTCCCCTAGTAACGGCGAGT 
34. Dendrobium nobile AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
35. Dendrobium nobile AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
36. Dendrobium nobile AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
37. Dendrobium officinale AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
38. Dendrobium officinale AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
39. Dendrobium officinale AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
40. Dendrobium officinale AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
41. Dendrobium officinale AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
42. Dendrobium officinale AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
43. Dendrobium williamsonii AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
44. Dendrobium williamsonii AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
45. Pholidota cantonensis AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
46. Pholidota cantonensis AAACTTACGAGGATTCCCCTAGTAACGGCGAGT 
Figure 4.4 cont' 
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4.1.4 Comparison of the sequences 
In Table 4.1，the percentage differences between orchid species {Dendrobium 
、 and Pholidota) and the non-orchid taxa (i.e. Tulipa edulis, Panax quinquefolius, P. 
ginseng, Codonopsis nervosa and C. modesta ) ranged from 26% to 34% with an 
average of29.8%. The average percentage differences between the orchid species and 
Tulipa edulis, Panax quinquefolius, Panax ginseng, Codonopsis nervosa and 
Codonopsis modesta are 29%, 28.9 %, 27.6 %, 31.6 % and 31.3% respectively. The 
percentage difference of over 27% imply approximately 110 base pairs difference in 
the concerned regions of about 400 base pairs. 
In Table 4.1, within the family of Orchidaceae, the percentage differences 
between Dendrobium and Pholidota cantonensis ranged from 16% to 20% with an 
average of 18.8% which is equivalent to about 80 base pairs difference. Except D. 
densiflorum and D. williamsoniU all the percentage difference are equal to or over 18 
%. 
Based on the comparison of the Dendrobium and the outgroup species, it 
showed that the percentage difference of the studied regions between the orchids and 
the non-orchids was bigger than that between the orchid species. Besides, the 
percentage difference between the orchid species and Tulip, Panax as well as 
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4.1.5 Percentage difference among Dendrobium 
For the 16 Dendrobium species as shown in Table 4.2，the interspecific 
、 
percentage differences range from 2 % to 17 % with an average of 12.4 %. The 
smallest percentage differences (2%) is found between D. hercoglossum and D. 
moniliforme as well as between D. hercoglossum and D. nobile. The biggest 
difference (17%) is between D. lindleyi and D. officinale. Totally, 108 out of 120 
comparisons are equal to or over 10% which represent the differences in 40 base pairs 
in a total of 400 base pairs and it is therefore shown that the ITS 2 sequence 
differences among Dendrobium are relatively big and significant enough for 
differentiating these 16 species of Dendrobium from one another. 
4.1.6 Intra-specific variation oforchid species 
On the other hand, the intra-specific variation of the orchid species is very low. 
The percentage difference between samples of the same species range from 0% to 
1.22% with an average of 0.15% (Table 4.3). Among all the percentages of 
intraspecific variation, the values of D. moschatum and D. nobile are comparatively 
high, 0.49% and 1.22%, respectively. The intraspecific percentage difference ofD. 
aduncum, D. chrysotoxum, D. crepidatum and D. loddigesii are 0.24%. There are no 
differences in a majority (10) of the 16 orchid species. 
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^ ^ •§ b ^ <^ ^ Si> 老 "2 I S I I 春 I ci cj ci ci cj ci ci ci ci Ci ci ci ^ ci Q Q 
D. aduncum 13 14 14 14 14 回 15 16 13 13 | 15 | | 15 
D. chrysanthum 12 10 12 10 11 13 13 11 10 12 13 12 14 13 
D. chrysotoxum 14 11 10 12 13 14 12 10 13 13 13 15 11 
D. crepidatum 13 13 12 14 14 12 12 12 14 13 14 14 
D. densiflorum 11 13 13 12 12 11 13 13 14 15 | 
D.fmbriatum 12 13 13 12 § 13 10 13 15 11 
D. hercoglossum H 15 12 12 国 14 | 同 12 
DJenkinsii 0 15 11 14 16 14 16 10 
D. lindleyi 15 12 15 15 15 17 12 
D. loddigesii 12 13 13 12 14 12 
D. lohohense U.——U. U. li — 
D. moniliforme 15 | | 13 
D. moschatum — — —~ 
D. nobile 0 13 
D. officinale 16 
Table 4.2 Percentage differences of 16 Dendrobium species (%) 
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Name of orchid species Intraspecific variation 
(%) 
D. aduncum 0.24 
D. chrysanthum 0 
D. chrysotoxum 0.24 
D. crepidatum 0.24 
D. densiflorum 0 
D. fimbriatum 0 
D. hercoglossum 0 
D. jenkinsii 0 
D. lindleyi 0 
D. loddigesii 0^ 
D. lohohense NiJ 
D. moniliforme 0 
D. moschatum 0^ 
D. nobile L2? 
D. officinale 0 
D. williamsonii 0 
Pholidota cantonensis 0 
Table 4.3 Individual variation of orchid species (%) 
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4.1.7 Phylogenetic analysis 
Based on the sequences and percentage differences, a phylogenetic tree was 
constructed for the 16 species of Dendrobium and the outgroup species by UPGMA 
tree construction method in SeqWeb Version 1.1 of GCG package (Figure 4.5). The 
orchids (Dendrobium and Pholidota) and the non-orchids {Codonopsis, Panax and 
Tulipa) are clearly clustered into two separate groups. Within the family Orchidaceae, 
two main branches differentiate the 16 species of Dendrobium from Pholidota 
cantonensis. 
According to the classification of Dendrobium proposed in the Florae 
Reipublicae Popularis Sinicae (Tsi, 1999), the 16 species of Dendrobium species in 
this study are grouped under four sections: Breviflores (B), Chrysotoxae (C), 
Dendrobium (D) and Formosae (F). The classification key of these four sections is 
shown in section 1.2 (p.8) of Chapter one. The phylogenetic tree of Dendrobium 
deduced mainly from the ITS 2 region, however, does not match the classification 
based on morphological characters, although Dendrobium of the same group tend to 
cluster together. Section Dendrobium is divided into three clades. Section Breviflores 
is nested with one ofthe clade containing section Dendrobium. Section Chrysotoxae 
is split into two parts. One is nested with section Formosae and another one is nested 
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4.2 Dry materials 
4.2.1 Genomic DNA 
The genomic DNA of the 18 commodities of treated dry materials were 
extracted by the modified DNA extraction protocols (Fu et aL, 1998). However the 
DNA concentration was extremely low or even absent (Figure 4.6). 
4.2.2 PCR products 
The genomic DNA was then subjected to PCR and only samples 
1 ,2 ,3 ,4，5 ,7, 14 could be amplified with PCR products (Figure 4.7). However, the 
results were unrepeatable and unstable. For the other samples, no amplified bands 
was found. 
4.2.3 Sequencing result 
Direct sequencing was carried out to find the ITS 2 sequences of the amplified 
PCR products. Only a few samples could be sequenced but with a lot ofundetermined 
base pairs. This condition can be illustrated by a sequence of the sample 2 in Figure 
4.8. Searching ofthese sequences in the Genebank ofNCBI suggested the sequences 
of fungi. After trying for more than 10 times with different conditions of DNA 
extraction and PCR, the sequences still could not be determined. 
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M 1 2 3 4 5 6 7 8 9 
、 ^ B I ^ ^ T O ^ — 巧 
B I B f T 
|^P' ‘ 
9416bp : t k ^ ^ ^ , ^ 
m 
Figure 4.6 Genomic DNA of dry materials 
Keys: 
1. Zhejiang Shi Hu C«frX5M) 
2. Huo Shan Te Ji Shi Hu (霍山特級石斛） 
3 • Ma Bian Shi Hu (馬鞭石斛） 
4. Jin Chai Hu (金釵石斜） 
5. Qing Pi Qing Er Hao Shi Hu (青皮青二號石斛） 
6. Cu Shi Hu (粗石斛） 
7. Huan Chai Shi Hu 隨草石斛） 
8. Jin Chai Shi Hu (金釵石斛） 
9. Huo Shan Wu Bao Xin Shi Hu (霍山無包心石斛） 
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M 10 11 12 13 14 15 16 17 18 
F ^ ^ T — 【 � - ^ w ^ ^ ^ ^ * 
考 m , , m _ 參 m '_ m 
- i 【 : ^ ‘ : v - b - : ^ ^ ^ - M 
9416 bp + 、f ；： ^ „ ： . ； 、 ‘ ‘ ‘ ” 厂 ‘ ： " ' ; ^ t > & i a 
4361 bp + 〜‘ 、 , . , _ _ 4 . j | | | ^ j j 
Figure 4.6 Genomic DNA of dry materials 
Keys: 
10. Mao Tie Pi Shi Hu (毛鐵皮石斛） 
11. Huo Shan Zheng Shi Hu (霍山正石斛） 
12. Huo Shan Zhong Shi Hu (霍山中石斜） 
13.8卜1只0€&0(石斛草） 
14. An Hui Shi Hu (安徽石斛） 
15. Mi Lan Shi Hu (米蘭石斛） 
16. Long Tou Feng Wei Shi Hu (龍頭鳳尾石斛) 
17. Da Tie Pi Shi Hu (大鐵皮石斜） 
18. Suspected adulterant (懷疑僞品） 
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M 1 2 3 4 5 6 7 8 9 10 
^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^m 
- ^ B 
Figure 4.7 PCR products of dry materials 
Keys: 
1. Zhejiang Shi Hu (t j f f f5M) 
2. Huo Shan Te Ji Shi Hu (霍山特級石斛） 
3. Ma Bian Shi Hu (馬鞭石斛） 
4. Jin Chai Hu (金釵石斛） 
5. Qing Pi Qing Er Hao Shi Hu (青皮青二號石斜） 
6. Cu Shi Hu (粗石斜） 
7. Huan Chai Shi Hu (環草石斛） 
8. Jin Chai Shi Hu (金釵石斛） 
9. Huo Shan Wu Bao Xin Shi Hu (霍山無包心石斛） 
10. Mao Tie Pi Shi Hu (毛鐵皮石斛） 
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^^ ^^ 1^ ^^^H 
400bp ~ ^ C ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ | 
E^ S^7H 
Figure 4.7 PCR products of dry materials 
Keys: 
11. Huo Shan Zheng Shi Hu (霍山正石斛） 
12. Huo Shan Zhong Shi Hu (霍山中石斜） 
13.8扮1111€&0(石斛草） 
14. An Hui Shi Hu (安徽石斛） 
15.皿丨[&打8卜旧11(米蘭石斛） 
16. Long Tou Feng Wei Shi Hu (龍頭鳳尾石斛） 
17. Da Tie Pi Shi Hu (大鐵皮石料） 
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Figure 4.8 Sequence of sample 2 (Huo Shan Te Ji Shi Hu) 
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Chapter 5 
Discussion and Conclusion 
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5.1 Reasons for authentication of Herba Dendrobii 
Herba Dendrobii has long been used as a Chinese medicine to promote the 
production ofbody fluid, nourish the yin and benefit the stomach. Nowadays, Herba 
Dendrobii is also recorded in the Pharmacopoeia of the People's Republic of China 
(2000 edition) and only five species ofDendrobium are listed as the source plants of 
Herba Dendrobii. They are D. candidum Wallich ex Lindley (=D. officinale Kimura et 
Migo) (Tsi, 1999), D. chrysanthum Wallich, D. fimhriatum Hooker var. oculatum 
Hooker, D. loddigesii Rolfe and D. nobile Lindley. However, many other species of 
Dendrobium or even non-Dendrobium have been reported as substitutes or adulterants. 
In recent decades, the demand for the herb keeps increasing. The annual turnover of 
Herba Dendrobii is about 1 million kg (Zhang, 1995a). 
Survey of samples in this project revealed some commodities of Herba 
Dendrobii cost up to HK$40,000 per kg. Differentiation between the genuine Herba 
Dendrobii and adulterants mostly relies on the morphological and organoleptic 
characteristics which are variable, subjective and arbitrary to certain extent. Besides, 
all wild orchids are listed and protected under CITES. Therefore there is a need to 
authenticate Herba Dendrobii properly so as to achieve sustainable use and protect 
consumers. 
With the advanced development of biotechnology, molecular methods have 
been used in authentication of different Chinese medicines (Cheung et a!., 1994; 
Shaw and But, 1995a; Fu et a!.，1999). Molecular markers can consolidate and 
complement morphological, anatomical and phytochemical ones. Therefore, in this 
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project, molecular method was applied in authentication of Herba Dendrobii. Since 
both the treated dry material and the fresh material of Herba Dendrobii are widely 
used in China ( Zheng, 1990; Li et al； 1986 & 1991b; Ma et aL, 1995a), both types of 
materials were tested against the molecular methods in this research study. 
5.2 Fresh materials of Herba Dendrobii 
5.2.1 Authentication 
The authentication of fresh Herba Dendrobii material is equally important 
because ofthe following reasons. There is a possibility that the chemical constituents 
of Dendrobium could be completely destroyed and altered during the production 
process. The pharmacological efficacy of the treated dry Herba Dendrobii could 
probably be very low as compare with the fresh ones (Wang and Zhao, 1990). 
Moreover about 50% of all commodity types are used in fresh state in the main 
production Provinces such as Guangxi, Sichuan and Zhejiang (Li et al., 1991b). Some 
surveys also revealed that fresh materials are commonly used (Sha and Luo, 1980; 
Zheng, 1990). It is believed that there is a great potential and extent ofusing Herba 
Dendrobii in fresh state. 
Based on the result ofthis project, genomic DNA was successfully extracted 
from the 46 samples of fresh orchids by using the CTAB DNA extraction method and 
the modified DNA isolation protocol. Then fragments of 400 bp were amplified by 
the primers 5.8d and 28cc in a reproducible manner. 
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Molecular results in this study showed that the average percentage difference 
between the orchid species and the non-orchid species is 29.8 %. The big difference 
among the orchids and the non-orchids implies that ITS 2 region could possibly a 
good region for authentication of orchid species. Since only two genera of 
Orchidaceae were considered in this project, further assessment by including more 
orchid genera is needed. Nonetheless, it is worthwhile to explore the possibility of 
using ITS 2 as an authentication marker of orchids by sequencing ITS 2 regions of 
more orchids other than Dendrobium. It is because all orchids species are listed in 
Appendix I and II of CITES and their trade is controlled and monitored in Hong Kong 
by the Animals and Plants (Protection of Endangered Species) Ordinance, Chapter 
187. An accurate authentication of orchid species can facilitate law enforcement in 
orchid conservation and sustainable use ofHerba Dendrobii. 
On the other hand, the average percentage difference between the species of 
Dendrobium and Pholidota cantonensis is 18.8%. The latter species, P. cantonensis is 
one ofthe major adulterants in Herba Dendrobii (Li et al., 1986 & 1991b; Sha and 
Luo, 1980; Zheng, 1990; Ma et al., 1995a). Therefore the difference in ITS 2 is big 
enough to differentiate the medicinal species of Dendrobium from an adulterant 
species P. cantonensis. Since the collection oforchid species is limited and controlled 
both in Hong Kong and China, only one species of Pholidota can be collected. 
Nevertheless, the big difference of 18.8% shows that there is high possibility ofusing 
ITS 2 sequence to differentiate Dendrobium from the adulterants made from 
Pholidota. 
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On the other hand, research result in this study also showed that the 
interspecific percentage difference among the 16 Dendrobium range from 2% to 17% 
which is much larger than the intraspecific variation of about 1%. The average 
interspecific percentage difference of the ITS 2 regions in Panax, Codonopsis, Krigia 
dXidAstragalus are 3%, 1%, 4.26% and 7.9% respectively G^gan et al., 1999; Fu et aL, 
1999； Kim and Jansen, 1994; Wojciechowski et al 1993), but the average difference 
among the 16 Dendrobium is at least 12.4 %. Therefore ITS 2 region of the 
Dendrobium can be adopted as a molecular marker for accurate identification ofthese 
16 medicinal Dendrobium and for differentiating them from one another. 
Since the interpretation of the source plants of Herba Dendrobii is different 
based on different traditional practices or species availability in different provinces of 
production. In general, the most important and widely accepted source plants should 
be the five species listed in Pharmacopoeia of the People's Republic of China (2000 
edition). Based on the big percentage difference ofthe ITS 2 sequences ofthe sixteen 
Dendrobium and one Pholidota, it is good enough to differentiate the five 
Dendrobium from the other orchid species in this project which may be used as 
substitutes or adulterants. 
5.2.2 Phylogenetic analysis 
ITS regions have been used to infer the phylogenetic relations of plant at 
inter-specific and inter-generic levels (Baldwin, 1993; Suh et al., 1993; 
Wojciechowski et aL, 1993; Kim and Jansen, 1994; Campbell et al., 1995; Buckler 
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and Holtsford, 1996; Wen and Zimmer 1996; Kron, 1997). It was also reported that 
ITS 2 region contains information sufficient to diagnose lineages at several 
hierarchical levels (Hershkovitz and Zimmer, 1996). Phylogenetic analysis of the 16 
Dendrobium and outgroups was made in this study. Based on mainly the ITS 2 
sequences, a phylogenetic tree was constructed. The orchids and the non-orchids 
(including both monocotyledons and dicotyledons) are clearly clustered into 2 
separated groups. Within the family Orchidaceae, two main branches differentiate the 
16 Dendrobium from Pholidota cantonensis. These 3 main branches as mentioned 
above are in good agreement with traditional classification. 
According to the traditional classification, the studied Dendrobium are 
classified under the following four sections: Breviflores, Chrysotoxae, Dendrobium 
and Formosae. The species in section Breviflores bear cymbiform lips which are 
smaller than sepals and petals. Section Chrysotoxae are characterized by the absence 
of sheaths. Section Dendrobium possess stout rachis and peduncles as well as large 
flowers. Section Formosae have leaves and sheaths covered with black hairs. 
However, the ITS 2 sequences did not clearly segregate the sixteen species of 
Dendrobium into these four groups although the Dendrobium of the same section tend 
to cluster together. Based on the result, the section Breviflores, Chrysotoxae and 
Dendrobium appeared polyphyletic, however sequencing of other DNA regions may 
give an independent confirmation of the present observation. 
Molecular phylogeny not only can be used to evaluate and consolidate 
traditional classification but may also be used to explore the usage ofnew medicine. It 
is because plant species clustering in a same clade of a phylogenetic tree would 
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probably have similar chemical composition. For example, Acorus calamus of same 
chemotypes were clustered into a same clade during a phylogenetic analysis of their 
5S-rRNA gene spacer region (Sugimoto et al, 1999). Furthermore, phylogenetic 
relationship based on rbcL sequences of six Glycyrrhiza species was carried out and 
the species were divided into two groups which produce glycyrrhizin and 
macedonoside respectively. (Hayashi et al., 2000). Therefore it is reasonable to infer 
that the closely related plant species in a clade have the similar effective 
phytochemicals and possibly giving similar pharmacological effect. 
Traditionally, Dendrobium officinale is used to make a commodity called 
"Er-huan-shi-hu" (Feng dou) which is claimed to be of top quality (Li et al., 1986; 
Sha and Luo, 1980). Dendrobium officinale is the only species of Dendrobium in 
Orchidaceae listed as the third-class protected medicinal species in China which is 
defined as a severely deficient resource (Zhang, 1995b). Due to the rareness and 
limited supply of Dendrobium officinale，some other species of Dendrobium including 
D. moniliforme, D. hercoglossum, D. loddigesii, D. aduncum and D. jenkinsii are 
currently used as substitutes (Li et aL, 1986; Zheng, 1990; Ma et al., 1995a). In the 
phylogenetic analysis of the orchid species, D. hercoglossum, D. nohile, D. 
moniliforme, D. officinale and D. aduncum are clustered in a same clade. There is a 
possibility that D. hercoglossum, D. nobile, D. moniliforme and D. aduncum would 
have similar phytochemicals and pharmacological effect to D. officinale. Nevertheless, 
phylogenetic analysis of other DNA regions and pharmacological experiments have to 
be carried out in order to confirm this preliminary observation. 
r 
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Therefore, phylogenetic analysis of various DNA regions not only can 
evaluate the traditional taxonomy, but also can be used to help in finding substitutes 
ofamedicine which is in limited supply. The substitutes are ideally more abundant in 
the wild, medicinally more potent and easier to cultivate. Meanwhile, the use of the 
substitutes can usually reduce the use of the rare medicinal plant species from the wild, 
therefore it facilitates the conservation of the rare species. 
5.3 Dry materials of Herba Dendrobii 
Direct sequencing was carried out to find the ITS sequences of the amplified 
PCR products. A few samples could be sequenced but with a lot ofundetermined base 
pairs (Figure 4.8). Searching ofthese sequences in the Genebank ofNCBI suggested 
sequences of fungi. After trying for more than 10 times with different conditions of 
DNA extraction and PCR, the sequences still could not be determined. It is probably 
because the treated dry materials have gone through a series of severe and harsh 
processing including stir-bake with sand, steaming, toasting, sun-drying and 
fermentation (Wang and Zhao, 1990). Majority of the genomic DNA might have been 
completely destroyed and degraded. 
In order to extract and amplify a very minute amount ofDNA remained in the 
tissue, a greater weight ofthe raw materials (e.g. >10 g) was needed. However, one 
commodity is possibly derived from more than one plant species (Sha and Luo, 1980; 
Ma et al, 1995a)，and 10 g ofthe raw materials in one commodity could be a mixture 
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of many pieces which are possibly derived from different Dendrobium species. This 
makes the sequencing result not specific to one species. 
Last but not least, much dirt including fungi could have embedded in the 
longitudinal grooves and inner soft tissue of the Dendrobium stem during the 
processing or storage ofcommodity. Since the conserved region ofrDNA in ftmgi is 
very similar to that ofplants (Hillis and Dixon, 1991), the ITS region of fungi could 
have been amplified and sequenced as well. Therefore, our results indicated that DNA 
sequencing of ITS 2 region would probably not be a good approach for the 
determination ofthe source plants ofthe treated dry commodity ofHerba Dendrobii. 
5.4 Evaluation of the experimental method 
ITS region is widely applied in authentication and phylogenetic analysis of 
Chinese medicine (Fu et aL, 1999; Ngan et al.，1999). It is because many copies ofthe 
rDNA array are present per genome and the pattern of concerted evolution makes 
each copy of an array very similar to the other copies within individuals and species 
(Hillis and Dixon, 1991). Moreover ITS regions are flanked by conserved 18s，5.8s 
and 28s genes. Therefore primers can be designed to hybridize with the conserved 
regions in order to amplify the required ITS regions and then the subsequent direct 
sequencing can be done to fulfill the aim of authentication or phylogenetic analysis. 
However, ITS regions of fungi could also be easily amplified by using the same sets 
of primers as used in plants. Therefore, fungal contamination in any samples could 
probably lead to failure in finding the target sequences. 
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5.5 Conclusion 
In this research study of the treated dry commodity, the genomic DNA was 
extremely low or even absent. Only seven out of the eighteen samples could be 
amplified with PCR products. Sequencing of the PCR products however found many 
undetermined base pairs and confusing signals. Searching of the sequences in NCBI 
suggested the sequences of flmgi. The determination of the sequences was not 
successful, partly because the DNA in the samples had been degraded in the process 
of Feng-dou production involving treatment of high temperature. Based on the result 
ofthis research study, sequencing ofITS 2 region is probably not a good approach for 
source plant determination of treated dry commodities ofHerba Dendrobii. Therefore, 
other pharmacognostical methods have to be explored to fulfill the authentication. 
For the fresh materials collected from KFBG and AFCD and dry materials 
from Mainland China, ITS 2 region can be amplified in a reproducible way for all the 
46 orchid samples. Direct sequencing of the PCR product revealed that there is a great 
inter-specific percentage difference and small intra-specific percentage difference in 
the ITS 2 region. Therefore the chosen ITS 2 region and the subsequent DNA 
sequencing method can effectively identify the 5 medicinal species of Dendrobium 
listed in Chinese Pharmacopoeia (2000 edition) and differentiate them from one 
another and also from other medicinal Dendrobium and adulterants. Moreover, 
phylogenetic analysis based on ITS 2 region offered new data for fiuther assessment 
ofclassification based on morphological characters. 
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Appendix 1 
Number ofspecies in each medicinal orchid geneus 
(adopted from Xie and Yu, 1996) 
Generic names Number of medicinal species 
1. Acampe 1 
2. Aerides 1 
3. Amitostigma 1 
4. Anoectochilus 2 
5. Apostasia 1 
6. Arundina 1 
7. Bletilla “ 3 
8. Brachycorythis 1 
9. Bulbophyllum 9 
10. Calanthe 16 
11. Cephalanthera 2 
12. Changnienia 1 
13. Cheirostylis 1 
14. Cirrhopetalum 2 
15. Cleisostoma ^ 
16. Coeloglossum 1 
17. Coelogyne ^ 
18. Collabium 1 
19. Cremastra 2 
20. Cymbidium 10 
21. Cypripedium 13 
22. Dendrobium 30 
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23. Diploprora 1 
24. Ephemerantha 3 
25. Epigeneium 2 
、 26. Epipactis 3 
27. Eria “ 3 
28. Galeola ‘ 2 
29. Gastrochilus 1 
30. Gastrodia 6 
31. Geodorum 2 
32. Goodyera 8 
33. Gymnadenia 5 
34. Habenaria 13 
35. Hemipilia 3 
36. Herminium 3 
37. Holcoglossum 1 
38. Ischnogyne 1 
39. Liparis 12 
40. Listera 1 
41. Ludisia 1 
42. Luisia ^ 
43. Malaxis 2 
44. Neofinetia 1 
45. Neottia 1 
46. Neottianthe 1 
47. Nervilia 3 
48. Oheronia ^ 
49. Odontochilus 1 
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50. Orchis 3 ‘ 
51. Oreorchis 3 
52. Paphiopedilum 4 
、 53. Pecteilis 1 
54. Peristylus 3 
55. Perularia 1 
56. Phaius 2 
57. Phalaenopsis 2 
58. Pholidota 4 
59. Platanthera 6 
60. Pleione 5 
61. Pogonia 1 
62. Renanthera 1 
63. Robiquetia 1 
64. Sarcanthus 2 
65. Sarcochilus 1 
66. Satyrium 2 
67. Sedirea 1 
68. Spathoglottis 1 
69. Spiranthes 1 
70. Thunia ‘ 1 
71. Tulotis ‘ 2 
72. Vanda“““ 2 
73. Vanilla 2 
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Appendix II Photographs showing 15 of the 17 species of orchids used in 
this research project 
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^ g ^ ^ ^ 
Dendrobium aduncum Lindl. (Courtesy： Prof. xsi zhan Huo) 
_ 
Dendrobium chrysanthum Lindl. (Courtesy： KFBG) 
^ ^ ^ ¾ 




Dendrobium crepidsdvm Lindl. ex Paxt. 
(Courtesy: Kunming Botanical Research tostitute of the Chinese Academy of Science) 國 
^ 9 ^ ^ j ^ 
Dendrobium densiflorum Lindl. (comtesy: KFBG) 
^ ¾ 
B9fl 
Dendrobium fimbriatum Hook, (comtesy: KFBG) 132 
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Dendrobium hercoglossum R c h b . f . (Courtesy： David Lau) 
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^ W S B S S ^ ^ ^ ^ ^ ^ H 0@iHM ^^ ^ H 
Dendrobium jenkinsii L i n d l . (Courtesy： chan Yin Tong) 
^ H ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ | 
1 ^ 7 « W^ 
mk£j 
Dendrobium lindleyi S t e u d e l (Courtesy： David Lau) 
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^ ¾ |flE0 
Dendrobium loddigesii Rolfe (Courtesy： KFBG) 
識 
Dendrobium moniliforme (L.) Sw. (comtesy: David Lau) 
t ^ 
mi 
Dendrobium moschatum (Buch.-Ham.) Sw. (comtesy: Lang Kai Yong) 
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Dendrobium nobile Lindl. (Courtesy： KFBG) 
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Dendrobium officinale Kimura et Migo (Courtesy： Lang Kai Yong) 
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